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ABSTRACT

A thermal design procedure for air cooled electronic

circuit boards has been developed for the Hewlett-Packard

Ilodel 9845 desktop computer. The system of interactive

programs, called THERMELEX, performs thermal analysis of

printed circuit boards to predict either the junction tem-

peratures for given power dissipation levels or the maximum

power levels for given junction temperature limits. The

system includes the following features: totally interactive

with all input in question and answer format, simple data

verification and correction capabilities, ability to store

and retrieve circuit board descriptive data totally under

program control, wide variety of output formats including

tabular and graphical. By using internal selection of heat

transfer correlations, the THERMELEX system depends only on

input of physical parameters for thermal predictions.
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NONMENCLATURE

Aair Average area for cooling air flow [m2 ]

Agap Area of bottom of component [m 2

R1 Area for conduction in either a CPU 2
or a circuit board lead [m2 ]

Apara Area of the component experiencing 2
parallel flow [m2]

Areg Area of the region on the circuit
board [m2]

2Aspin Surface area of the component lead [m2 ]

Astag Area of the component experiencing 2
stagnation flow [m2]

Axpin Crossectional area of the component 2
lead [m2 ]

Bdh Height of circuit board (perpen- 2
dicular to air flow) (m2

Bdl Length of circuit board (parallel 2

to air flow) [ml

Cpair Heat capacity of the air [J/Kg-degK]

CPU Conduction Path Unit (size
defined by user)

Dgap Distance between the component 2
bottom and the circuit board [m2 ]

Dh Hydraulic diameter [m2 ]

DIP Dual Inline Package

Epsb Emissivity of the circuit board

Epse Emissivity of the component

Fair Volumetric air flow rate [m /sec]
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Fr Roughness factor

Gnu Kinematic viscosity of air [m2/sec]

Gz Graetz number

Havg Average height of the components
present on the board [i]

Hb Heat transfer coefficient for the
circuit board [Watt/m -degK]

Hduct Heat transfer coefficient for the
duct formed by the circuit boards 2
and equipment case [Watt/m -degK]

He Height of the component [im ]

Hpara Heat transfer coefficient for areas 2
receiving parallel air flow [Watt/m -degK]

Hr Dimension of region in the vertical
direction or vertical distance between
finite difference nodes [m I

Hstag Heat transfer coefficient for areas 2

receiving stagnation air flow [Watt/m -degK]

Kair Thermal conductivity of cooling air [Watt/m-degK]

Kb Thermal conductivity of the circuit
board [Watt/m-degK]

Kl Thermal conductivity of the board
leads [Watt/m-degK]

Kpin Thermal conductivity of the compo-
nent lead [Watt/m-degK]

Le Length of the component [m ]

Lpin Length of component lead [m ]

Lr Dimension of region in the hori-
zontal direction or horizontal
distance between nodes [m ]

Mair Mass flow rate of cooling air [Kg/sec]

Navg Average number of component in a
vertical column perpendicular to
the air flow direction

9
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Npin Number of leads on a component

Nxr Number of regions in the air flow
of horizontal direction

Nyr Number of regions perpendicular to
the air flow direction or vertical
direction

Perim Wetted perimeter of the air duct [m I

Pow Energy dissipated in the component [Watts]

Pr Prandtl number

Q Rate of heat transfer [Watts]

Oe-b Total rate of heat transfer from
the component to the circuit board [Watts]

Q1 Total rate of heat transfer out the
bottom of a circuit board region [Watts]

Q2 Total rate of heat transfer out the
right side of a circuit board region [Watts]

Q3 Total rate of heat transfer out the
top of a circuit board region [Watts]

Q4 Total rate of heat transfer out the
left side of a circuit board region [Watts]

R Thermal resistance for heat
transfer [deg K/Watt]

Re Reynolds number

Rb- Total thermal resistance for convec-
con tion from circuit board surface to

the cooling air flow [degK/Watt]

Rb-hor Thermal resistance for conduction
in the circuit board between nodes
in the horizontal direction [degK/Watt]

Rb-ver Thermal resistance for conduction
in the circuit board between nodes
in the vertical direction [degK/Watt]

Re- Total thermal resistance for con-
conv vection from component surface to

the cooling air flow [degK/Watt]
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Rgap- Conductive thermal resistance for
cond the air gap between the component

bottom and the circuit board [degK/Watt]

Rgap- Effective thermal resistance for
rad radiation from the component bottom

to the circuit board [degK/Watt]

R1 Total conductive resistance between
finite difference nodes (centers of
region) [degK/Watt]

Rpara Thermal resistance for heat transfer
from area receiving parallel air
flow [degK/Watt]

Rstag Thermal resistance for heat transfer
from area receiving stagnation air
flow [degK/Watt]

Rtop-r Effective thermal resistance for
radiation from the top of the
component to next board [degK/Watt]

Rtote- Total thermal resistance between
b the component bottom and the

circuit board [degK/Watt]

Tair Local air temperature [degC, degK]

Te Temperature of the component surface [degC, degK]

Tb Temperature of the board surface [degC, degK]

Thb Thickness of the circuit board [m I

Tj Temperature of the component
junction [degC, degK]

Vair Velocity of the cooling air [m/sec]

Wavg Average width of the components
present on the board [m]

We Width of the individual components [m I

X Direction parallel to cooling air
flow also referred to as the hori-
zontal direction due to orientation
of circuit board picture on screen
of computer
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Xi Distance from the entrance of the [im]
cooling air

Y Direction perpendicular to cooling
air flow also referred to as the
vertical direction due to orienta-
tion of circuit board picture on
screen of computer

Zb Distance between circuit boards [m ,mm]
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I. INTRODUCTION

A. BACKGROUND

Electronic components generally convert a significant

fraction of the input power into internal joulian heating.

When the components are large, widely separated, and air is

permitted to circulate freely among them, this heat generated

within the component is transferred to the environment through

natural convection. Indeed, millions of pieces of home elec-

tronic equipment have operated reliably for years depending

only on natural circulation for cooling. The major emphasis

over the last 15 years has been a continuing effort toward

a reduction in physical size of components and increased

component density within electronic equipment. The military

is particularly in need of smaller, more complex, yet relia-

ble equipment that must often be sealed from an extremely

hostile environment. This results in the need for more

efficient cooling methods.

The age of large scale integration (LSI) is here.

Although the power dissipated in each active junction within

a component has greatly decreased, the large number of heat

sources on each chip has created serious heat removal

problems. There is a genuine need for electronic designers

to not only be aware of the problems associated with higher
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temperatures, but they must also be prepared to solve those

problems. References [1] through [10] are a sampling of

the many sources that indicate the increased emphasis on

cooling problems throughout the electronics community.

The need to operate electronic equipment with maximum

junction temperatures below those levels that result in

failure is well recognized, but even moderately high temper-

atures in electronic components result in progressive

deterioration and reduced reliability. A generally accepted

thumb rule is: for every 10 deg C increase in junction

temperature, the lifetime of a component will decrease by

one-half. [3, 7] The increasing costs associated with each

failure make it imperative to address reliability during

the equipment design phase and to provide sufficient cooling

to maintain temperatures as low as practical.

There are many methods of removing the heat dissipated

within electronic components. These methods include the

natural air convection previously mentioned, thermo-electric

devices, heat pipes, cold plates and even complex refrigera-

tion systemswhich use pumped liquid coolants [8]. The

complex systems required for these solutions can lead

to lower reliability through increased probability of

failures in the cooling system. While many of these methods

can allow extremely high power densities for specific appli-

cations, the most widely used method for cooling of components

14



mounted on printed circuit boards is forced air cooling.

Air is readily available, abundant, non-corrosive, non-toxic,

non-flammable, dielectric, and is easily pumped using readily

available fans and blowers. For those situations where there

is a need to seal the equipment, interior cooling air is often

circulated through heat exchangers.

All too often the problem of cooling the electronic com-

ponents is attacked after the circuit boards have been designed

or even produced and assembled [9]. In some cases, the need

for increased cooling is recognized only after repeated

failures in service have resulted in unhappy users and ex-

cessive repair costs. At best both the electronic design and

the thermal design progress concurrently but are worked on by

separate design groups. These groups may have conflicting

range goals that can interfere with the important long range

goal of reliability.

Many of the efforts to directly involve the electrical

designer in the thermal problems are directed towards overall

system cooling. Reference [11] details a thermal design

program called VENTBOX. VENTBOX treats a cabinet enclosure

with entire circuit boards modeled as distributed heat

sources. This program fails to address the problems of in-

dividual components and, therefore, is unable to analyze

the circuit board.

Electronic circuit analysis programs are often utilized

in the thermal analysis of circuit boards [12 and 13]. This
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technique requires the development of an equivalent thermal

circuit, usually by a packaging engineer, and thus the thermal

design is removed from the hands of the electronic designer.

Reference [14] details a thermal analysis program for circuit

boards that is much more accessible to an electronic designer

since the inputs are physical dimensions and types of compo-

nents rather than equivalent thermal network parameters.

All these programs share a major weakness in that they

depend on a large general purpose computer facility. This

not only can result in excessively long turn-around times

in batch processing, but also the expense of computer time

may become a factor. In addition, the input data typically

consists of long lists of numbers tht must be in the proper

format with the correct option selection codes. Likewise

the output also consists of even longer lists of numbers

with the key information hidden in their midst.

One solution to automated thermal design and analysis

of avionics systems is being developed as a joint project

by the Air Force Flight Dynamics Laboratory at Wright

Patterson Air Force Base and Boeing Aerospace Company. The

ITAD (Integrated Thermal Avionics Design) system is expected

to include many existing analysis programs and a large ever

growing data base containing reliability parameters. It

is anticipated that ITAD will be accessed by user through

both batch methods and interactively through color graphics

16



terminals. The scope of this project is enormous and the

benefits to the system designer will be many, provided he

has access to the large computer at Wright Patterson Air

Force Base [15, 16].

Another solution on a much smaller scale is to create

a program for a compact, stand alone desktop computer that

is easily accessible to the designer of electronic circuit

boards. Such a system, if interactive and "friendly" to

the casual user, would allow rapid evaluation of various

circuit board designs at the conceptual level. Rejection

of those designs with poor thermal characteristics could

then occur before they leave the drafting table saving both

future efforts and dollars.

B. OBJECTIVES

The main objective of this thesis was to develop an

interactive thermal analysis program utilizing the Hewlett-

Packard 9845 desktop computer. It was considered important

to include the following features:

1. Simplicity of operation: All data input and control

of program flow are done in a question and answer format in-

cluding specific instructions with each question.

2. Graphical data checking: Display circuit board

replicas on the screen both for verification of input and

to provide a more useful form of output.

17



3. Data correction capabilities: Use interactive methods

to allow correction of portions of the data without the need

to repeat all the input.

4. Automatic storage and retrival of data: Circuit board

descriptions should be written to and read from mass storage

devices using simple questions and answers rather than requir-

ing specific knowledge of operations of the devices.

5. Analysis methods hidden: Various empirical heat

transfer correlations should be used based on the physical

descriptions and the user should be relieved of the need to

make decisions concerning the details of the heat transfer

analysis methods.

6. Sensitivity analysis: Allow automatic parameter

changes to investigate the effects on the thermal performance

of these changes with plotted data.

18



II. DESCRIPTION OF THE THERMELEX SYSTEM

A. GENERAL

1. The Computer

The name THERMELEX will be used to refer to the

system of interactive programs created to perform thermal

analysis of air cooled electronic circuit boards. The

programs are written for the Hewlett-Packard Model 9845

desktop computer using the Hewlett-Packard extended version

of the basic language. A sophisticated operating system

hides the complexity of the 9845 from the user and provides

protection from his mistakes yet provides the power and

flexibility needed for application programs such as the

THERMELEX system.

The computer used to create and debug THERMELEX is

the 9845A with 64 k bytes of read/write memory (option 203),

internal printer (option 500) and graphics package. In

addition, dual tape drives and dual floppy disks were utilized

in the development of the system. These additional mass

storage devices provided considerable increase in the con-

venience and speed of storage and retrieval operations but

THER1ELEX is designed to operate with only the standard tape

drive. Recent advances in the internal electronics have

resulted in this model being superseded by the 9845B model

with larger memory capabilities and several other features.

19
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THERMELEX is available in either an A-version or B-version

for use in the respective model of the 9845.

Figure 1 shows the 9845A but the 9845B is identical

in physical appearance except for the name tag. The screen

at the top will display the messages from the system to the

user, what is typed by the user and the output from the

THERMELEX programs. This output may be printed on the screen

in what is known as the alpha mode or it may be presented as

pictures and words from the graphics mode. Output of either

mode may also be produced on the thermal printer above the

keyboard in the inclined area. Directly underneath the

screen there are four pull-out reference cards that explain

error messages and other operating conditions that may occur.

At the extreme upper right corner of the sloping section is

the standard tape transport (:T15) for mass storage of

programs and data.

The keyboard contains not only a set of standard

typewriter keys but also several other groups of keys that

are important to THERMELEX. The numeric keys at the lower

right allow easy entry of numbers as an alternative to

those in the alphanumeric group of keys and allows numeric

calculations to be performed even during execution. Between

these groups are the gold colored program control keys. All

responses to questions are followed by pressing the CONT key

at the bottom of this column of keys. The group of special

20



function keys in the upper right are defineable by the user

or from program control. They are also used in THERMELEX

as priority interrupts to simplify the input of data. This

use of these keys is further explained later. The final key

of interest to the THERMELEX system user is the AUTOST key

in the lower right corner of the EDIT/SYSTEM FUNCTIONS group.

This key allows automatic loading and execution of the first

program in the THERMELEX system. Explanation for its use

is found in Appendix 1, the User Instructions. For further

explanations of the features of the Hewlett-Packard model

9845 computer, see Ref [17] supplied with the computer.

2. THERMELEX System

Due to the memory limitations of the 9845A, THERMELEX

is divided into three major programs which are generally

brought irto case from mass storage under program control as

they are needed. However, each program is designed to stand

alone which can allow the experienced user to bypass some of

the questions and answers required to help the inexperienced

users. AUTOST is the first program of the three; here several

pages of user instructions (see Appendix 1) may be printed,

the special function keys are defined and the user is directed

along a path to follow towards the other programs. In BOARDS,

the circuit board descriptive data is entered, verified and

stored on any one of the mass storage devices. The user may

also elect to produce a printed copy of the input data for
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his records. The THERML program performs the thermal analy-

sis and provides output in various tabular or graphical forms.

These three major programs will be described in more detail

in the pages that follow.

There are also several smaller files in the system.

BDSKEY and STDKEY alter the definitions of the special

function keys. TNAMES contains a listing of all variable

names and program section names with explanations to aid in

any future modifications of the THERMELEX system. DEMO-P

and DEMO-T are data files containing example circuit board

descriptive data to allow demonstrations of the system and

to help the new user become familiar with the capabilities.

B. AUTOST

1. General

AUTOST is the driver program for the system. This

name allows the program to be automatically loaded and exe-

cuted if the AUTOST key is latched down and if the tape

containing the THERMELEX system is in the standard right-

hand tape drive (:T15) when the main power switch is turned

on. Regardless of how the program is loaded, the first

question will be concerning the location of THERMELEX. The

program will ask which mass storage device contains the

system since this is necessary for correct program control.

At this point, the program defines the default mass storage

device using the "MASS STORAGE IS "---" command, and the
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default mass storage device should not be altered while using

THERMELEX.

2. Instructions

AUTOST will provide a printed set of user instruc-

tions either on the screen in short segments or on the thermal

printer in 8.5 by 11 inch pages. These instructions present

an overall system view and are intended to familiarize the in-

experienced user and supplement the extensive instructions

and prompts that are presented on the screen in all sections

of THERMELEX.

3. Special Function Keys

AUTOST redefines the special function keys as required

for the system and can provide a paper key-code overlay as a

substitute for the plastic model (Hp Part #7120-6164). Figure

3 shows both styles. The paper style may be used as a guide

for filling in the appropriate blanks on the plastic version.

4. Option List

Finally, AUTOST provides a list of options for the

user to select from. He may load either of the other two

programs in THERMELEX or produce a complete copy of the

programs in the system through selection of the appropriate

number from the menu of options. This technique is employed

throughout the system whenever possible because of the sim-

plicity involved in entering a single number over other

methods of option selection.
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5. The Copy Option

The copy option is included as a built-in feature

since there are many separate files in THERMELEX and a

separate command is required for each file to be copied.

Any mass storage device may serve as the destination for

the system; however, when copying to tape, it is suggested

that it be blank due to the number of open blocks required.

Following completion of this option, program control

returns to option list. It is expected that the first

option (keyboard entry of circuit board description) is the

most likely to be used and the description that follows

assumes this path.

C. BOARDS

1. General

The major purpose of the BOARDS program in the

THERMELEX system is to provide a simple method for input

of the descriptive data needed in THERML for the creation

of the thermal model and the analysis. This data includes

the geometric and material properties of the circuit board

as well as what components are on the circuit board. These

components are limited to DIP's (Dual Inline Packages) and

chip carriers (FLAT Packs). The thermal model used for the

analysis of the board is a finite difference scheme and the

physical location of the components is approximated by the

locations of the finite regions created by the user.
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The descriptive data may be entered from the keyboard

in response to simple questions; or, it may be retrieved from

mass storage data files previously recorded using BOARDS.

The instructions included as Appendix 1 provide specific

explanations of how to use this program.

2. Checking of Input Data

All input data is displayed using either the graphics

capabilities of the 9845 or with printed lists produced on

the screen or paper. The user may, therefore, easily verify

the validity of the data he has entered. This feature is

included whenever possible throughout THERMELEX.

3. Correction of Input Data

There are many opportunities to change the descriptive

data using the same question and answer format of interactive

programming. At no time is it necessary for the user to have

extensive knowledge of the program's internal workings or the

machine level commands performed within the program. As a

further means of correcting past errors, the backup feature

built into the THERMELEX system makes it extremely easy to

return to previous questions. This feature is accessed by

depressing the special function key (Ko) in place of a

response to a request for input. Program control will jump

back to the previous question to allow re-entry of data.

Repeated use of Ko allows backing up to any desired point

and resumption of program flow from that point.
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4. The Circuit Board

To describe the geometry of the circuit board under

investigation, the user must enter the length, width, thickness

and the thermal conductivity of the circuit board. With no

input, the thermal conductivity will be assigned a default

value of 0.29 Watts/m-degC, a representative value for the

bonded glass laminates generally used for construction of

circuit boards. The length parameter is defined to be in the

direction of air flow regardless of which dimension is the

largest.

In order to create the finite difference thermal

model, the board must be divided into logical regions by

placing any number of equally spaced vertical lines and any

number of equally spaced horizontal lines on the board up to

a total of 50 regions. More regions would be possible in the

9845B due to the larger memory caoacity but this would

require some program changes. Each region will either contain

a component assumed to be centered in the region or will be

empty. Since there may be regions with no components, there

is no unique set of descriptive data for a given circuit

board design. The user is encouraged to try different com-

binations of horizontal or x regions and vertical or y

regions to describe a circuit board. Figure 4 shows two

such possibilities for a board with six 14 pin DIP's. Both

the six region model and the 42 region model describe the

same board. Experience is helpful in making decisions as
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to how to divide the board and some boards may not fit into

the constraints imposed by THERMELEX, but many will.

5. The Components

Each of the defined regions will be empty or contain

one of the following components: 14, 16, 24, 40 pin DIP's

with either vertical or horizontal orientation and 16, 24,

40, 64 pin chip carriers. These components will be assured

to be centered in the region (with the exception of the

40 pin DIP which will be assumed to occupy two regions).

The input of component type for each region is via the

special function keys. A special paper key-code overlay for

use in this component input section may be provided if a

plastic version is not available, see Figure 5. As a

flashing cross appears in each of the regions, the appro-

priate special function key is depressed. This defines the

type of component, length, width, orientation and draws the

component on the screen for visual verification of correc-

tions. After all regions have been defined, corrections

are possible through removal and replacement of components

using the same special function keys.

6. Thermal Conduction Paths

Each of the defined regions on the board may exchange

energy with the adjacent regions via conduction through the

board itself and any thermally conductive material added to

the board such as electrical leads. In addition, many circuit
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board designs involve metal conduction rails that provide

both mechanical support and a method to transport the heat

from the componets. There are provisions in BOARDS to model

either the electrical leads or the conduction rails. For

circuit boards without conduction rails, the user specifies

the average lead width (mm), thickness and thermal conductivity

of the lead material. These geometric parameters are used

to determine the thermal resistance of a single lead connect-

ing the region centers or nodes.

When conduction rails are included on the circuit

board, the effects of the electrical leads are ignored. To

allow modeling of rails that may have different widths, the

concept of a conduction path unit (CPU) is introduced. A

CPU is defined to be .1 mm in width but the user specifies

the thickness and conductivity of the material. These para-

meters are used to determine the thermal resistance of a

single CPU connecting the region centers.

With the thermal resistance of single CPU or elec-

trical lead determined, the user need only specify the number

of such resistances that connect the circuit board regions.

For example, if a conduction rail is 5.8 mm in width, it may

be modeled as containing 58 CPUs. While the concept of

CPUs is totally artificial, this concept does allow modeling

of the Navy Standard Electronic Module (SEM) and Improved

Standard Electronic Module (ISEM) for those situations when

these modules are used in forced air cooled systems.
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With the physical description of the circuit board

now complete, the user may elect to produce a picture of

the circuit board from a dump of the graphics to the internal

printer. Pressing special function Key 3 will produce a

picture such as Figure 6. This picture may be used as a

final verification of the validity of the circuit board

description that has been entered. The remaining descrip-

tive data to be entered concerns the component parameters.

7. Temperature or Power Input

The user must specify either the average power to be

dissipated in each component or the maximum junction tempera-

ture. When power levels are specified, the steady state

junction temperatures will be calculated in THEP21L. When

junction temperatures are specified, the maximum allowable

component power levels will be calculated. In either case,

the user must also specify a case to junction thermal resis-

tance for each component. This is usually supplied by the

manufacturer and provides the means in the thermal model to

link the component power level and junction temperature to

the case surface temperature. Figure 7 shows the data

summary sheet provided after the data has been entered and

verified.

8. Storage of Data

Although it is possible to load THERML and perform

the thermal analysis directly since all data is passed
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through a common block, it is strongly urged that the circuit

board description be stored on mass storage. A few simple

answers allows the storage to tape or disk for retrieval at

a later time. This data file may be accessed, verified,

altered and recorded back to mass storage using BOARDS to

investigate the effects that changes in design have on the

temperatures or power levels obtained in THERML. Both

Appendix 1 and the program provide easy to follow instructions

for retrieval of previously recorded descriptive data files.

Totally under program control, the third major program

in the THERMELEX system, THERML will be loaded at the direction

of the user and execution started at the proper entry point.

D. THERML

1. General

Recall from the previous discussion that BOARDS es-

tablishes all the parameters that describe the circuit board.

While the major purpose of THERML is to analyze the thermal

performance, it must first establish the parameters that

describe how the circuit board is installed and cooled, such

as the spacing between boards, volumetric air flow per board

and inlet temperature of the cooling air. Using the total

set of board and installation parameters, the thermal model

is set up, solved and the results presented.

The approach taken in the thermal analysis is to

construct an approximate thermal network [7] for every path
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of heat transfer from the components and the circuit board.

The thermal resistance (R) for each path is calculated from

the set of parameters and if a temperature difference (AT)

for that path is known, the expression:

Q ATQ-R

will determine the rate of heat transfer (Q) for that path.

When the rate of heat for a given path is known, the expression:

AT = (Q) x (R)

will determine the temperature difference.

An overall heat balance for the components and the

circuit board, with all the heat that is generated going into

the cooling air stream, is used to determine either the steady

state junction temperatures (when component power levels are

specified) or the component power levels (when the junction

temperatures are specified).

2. Air Flow - Thermal Model

The cooling air flow is assumed to come from an in-

finite heat sink which supplies air at a constant inlet

temperature. All the heat dissipated within the components

is assumed to enter the air stream with no heat conducted

into the card guides or electrical connectors. These guides

and the mechanical support sections of the connectors are

typically made of plastic with high resistance to heat

transfer and this assumption leads to conservative estimates.
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As the air travels from inlet to outlet, it is assumed

to remove heat from both the component surfaces and the surface

of the circuit board. It is further assumed to travel in air

lanes defined by the height of each region perpendicular to

air flow and not mix until the outlet. As the air removes

heat from each region, the local air temperature (Tair) will

increase. The process is described by the general equation:

Tair at X + LX = Tair atX+ Q added in LX
(Mair) x (Cpair)

where Mair = Mass flow rate of air [kg/sec]

Cpair = Heat capacity of air [J/kg-degk]

AX = length of a region in the air flow direction

This process results in the temperature of the cooling air

stream being modeled as a series of steps as the air travels

from inlet to outlet within an air flow lane. The local air

temperature and the convective resistance determine the local

convective heat transfer.

The air velocity is determined from the physical

description entered by the user and this air velocity is

used to determine the convective resistances. Recall that

circuit board spacing (Zb), board height (Hb) and volumetric

air flow rate (Fair) are part of the descriptive data set

previously entered. With no components present, the air

velocity (Vair) would be defined by:

Vi Fair

(Zb) x (Hb)
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However, the components tend to reduce the air flow area

(Aair) by blockage. The average blockage area is determined

by calculating the average number of components in a vertical

column of regions perpendicular to the air flow. In addition,

the average width (Wavg) and height (Havg) of the components

is determined and the average air flow area calculated using:

Aair = (Zb) x (Hb) - (Navg) x (Havg) x (Wavg)

This area is used to determine the air velocity from:

Vair =FairKai = A-

In addition the average area is used to determine the wetted

perimenter (Perim) of the air duct formed by the boards

according to:

Perim = 2Hb + 2Zb + 2 (Navg) x (Havg)

The hydraulic diameter (Dh) is therefore:

Dh = 4 Aair
Perim

which is also used in calculations of some of the heat

transfer coefficients.

3. Components - Thermal Model

All heat generated within the components must be

transferred away through conduction to the board, radiation

to the board and to some radiation sink, and through con-

vection to the cooling air. Figure 8 shows each of the

thermal networks for heat transfer.
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DIP components are usually mounted by soldering the

electrical leads to the circuit board electrical conductors

(Figure 9). These connector pins also act as low resistance

thermal conductors between the component and the circuit

board. The total thermal resistance from the component to

the circuit board may be calculated from the cross sectional

area of each pin (Axpin), the length of the pin (Lpin), the

thermal conductivity of the pin material (Kpin) and the

number of pins (Npin) using the expression:

Rpmn =Lpin

(Kpin) x (Apin) x (Npin)

There is also a small gap between the bottom of the

component case and the circuit board. Figure 9 shows the

mounting for DIP cases where this gap is on the order of

one mm; for chip carriers, this distance is smaller yet.

Due to the small distance (Dgap) involved, it is assumed

that no convection occurs in this gap and that the conduc-

tive resistance of the air gap (Rgap-cond) may be calculated

from the expression:

DgapRgap-cond = (Kair) x (Agap)

where Agap represents the surface area of the bottom of the

component and Kair represents the thermal conductivity of

the air.

The component case will also radiate energy to the

circuit board. Assuming the gap to act as two parallel
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plates of equal areas with emissivities of Epsb and Epse,

the heat transfer rate may be calculated (Ref [18]) from:

(Sig) x (Agap) x (Te4 - Tb 4

I + 1 1
Ep-sb Epse

where:

Sig = Stefan-Boltzman constant
-8 Watts(5.67 x 10- at

m2 _ degK4

Te = Component surface Temperature (degK)

Tb = Circuit board Temperature (degK)

This radiation term may be simplified by expanding (Te4 - Tb4

in a Taylor series about Te and retaining only the linear

portion of the series. When this is done, an effective gap

radiation resistance (Rgap-rad) may be calculated from:

Rgap-rad = Epse + Epsb - (Epse) (Epsb)

(r) x (Sig) x (Epse) x (Epsb) x (Te

Since the component case temperature (Te) is an unknown, this

resistance will be recalculated as the solution progresses.

These three resistances (Rpin, Rgap-cond, Rgap-rad)

may be combined into a total resistance between the component

and the circuit board (Rtote-b). When the component is a

chip carrier, the air gap and lead length are assumed to be

one-tenth that of the DIP case [13].

Although the radiation heat loss from the component

is extremely small and normally neglected in thermal analysis

of electronic circuit boards, it is included here for completeness.
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The component will radiate to the other components and the

back of the adjacent circuit board. For the purposes of the

thermal model under discussion, it is assumed that radiation

is from the top of the component to the adjacent board and

that this adjacent board temperature is the same as the board

temperature below the component. It is further assumed that

the area of the circuit board is much greater than that of

the component. Using the same linearization technique pre-

viously discussed results in the expression:

Rtop-r = 1 - Epse

(4) x (Sig) x (Epse) x (Ae) x (Te

for the effective thermal resistance for radiation from the

top of the component to the adjacent circuit board.

Convection heat transfer to the air, the final heat

loss path from the component, depends on the heat transfer

coefficient and the area for that mode of heat transfer.

The component is assumed to experience two separate modes of

convection. Those portions of the component that are perpen-

dicular to the air stream are assumed to experience a stagna-

tion form of air flow while the top and sides see parallel

air flow. Recall that air flow is defined as being from left

to right as required for data entry in the BOARDS program.

When component types are entered as being horizontal or

vertical using the special function keys, the component

length (Le) and width (We) parameters are set such that Le

is along the air flow direction and We is perpendicular to
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the air flow. The standard correlation for plane stagnation

flow may be written as: Ref (19]

4 VairHstag = (.57) x (Kair) x (Pr ) X ((We) x (nu))

where Hstag = Heat transfer coefficient for areas receiving

stagnation air flow

Pr = Prandtl number for air

Gnu = Kinematic viscosity for air

'?sing the component height (He), the area for stagnation heat

flow _ stag) may be calculated from:

Astag = (2) x (We) x (He)

The portions of the component that are parallel to

the air flow (top and sides) are assumed to experience the

same heat transfer coefficient that would occur in a smooth

duct modified by a roughness factor (Fr) to account for the

presence of the components acting to increase this heat

transfer coefficient (Hpara). Hpara depends on the Reynolds

number (Re) determined by:

Re = (Vair) x (Dh)

Gnu

In the entrance region of the duct formed by the circuit

boards, up to a distance of approximately ten hydraulic

diameters, the flow is assumed to be laminar. Reference [20]

contains the following correlation for the heat transfer
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coefficient in the entrance region of a smooth duct:
___ __ ___ __ __ rPr___ __ _ __ __ __ _

Hduct = (.664) x (Kair) (Gz) x (1+(7.3) x(1.1) x (Dh) Pr

where Gz is the Graetz number defined as:

G (Re) x (Pr) x (Th)
Xi

and Xi is the distance from the entrance of the cooling air

flow.

The value of the heat transfer coefficient predicted

from the above equation has been found to be low from compari-

sons to experimental data of Ref [12] and Ref [14]. The

expression:

Fr 1+ 5 x (Perim - (2) x (Bdh) - (2) x (Zb))

Perim

has been created to adjust the predicted heat transfer co-

efficient for the rough duct. The expression reduces to one

when no components are present and is less than two for all

reasonable board constructions. The resulting heat transfer

coefficient that is used for the parallel sides (Hpara) is

therefore:

Hpara = (Hduct) x (Fr)

For positions beyond the entrance length the flow

may be laminar or turbulent and the appropriate heat transfer

correlation must be chosen. The transition from laminar to

turbulent is assumed to occur at a Reynolds number of 1000
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since the components act as turbulence promoters for the

air flow. For laminar flow, the expression:

Hduct = (5.4) x (Kair)
Dh

is used and the result modified with the roughness factor

(Fr) to obtain Hpara. For turbulent flow the Dittus-Boelter

relationship is used:

Hpara = (.023) x (Re* ) x (Pr 4 ) x (Kair)
Dh

Heat is convected not only off the top and sides of

the components but also from the surface of the leads or

pins. Since the thermal conductivity of the pin material

is so high, their surface is assumed to have the same temper-

atures as the surface of the component. The effective com-

ponent parallel side area for heat transfer is, therefore,

determined from:

Apara = (Le) x (We) + 2(Le) x (He) + (Aspin) x (Npin)

where Aspin is the surface area of the pins that experience

parallel air flow. The thermal resistances for convection

from the component may then be calculated from:

1
Rpara - (Hpara) x (Apara) and,

= 1Rstag (Hstag) x (Astag)
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These two resistances may then be combined as parallel re-

sistances to give a total convective thermal resistance from

the component to the air (Re-conY) of

Re-conv = (Rpara) x (Rstag)
(Rpara) + (Rstag)

Returning now to the basic premise that all the heat

produced within the component must be transferred through one

of the heat paths illustrated in Figure 8, the heat balance

equation for the Ith component is:

Pow (I) = Qto board + Qto air + Qrad off top

utilizing the general expression for heat flow as a function

of temperature difference. This may be expressed as:

P Te(I) - Tb(I)+ Te(I) - Tair(I)Pow (I) RToTe-b(I) + Re-conv(I)

+ Te(I) - Tb(I)
Rtop - R(I)

This expression may be rearranged and solved for the compo-

nent temperature (Te). The resulting expression is used to

eliminate Te from the final set of equations that are solved

for the set of board temperatures.

4. The Circuit Board - Thermal Model

The circuit board has been divided into regions as

determined by the user while entering the circuit board

description in program BOARDS. Each of the regions will

lose or gain heat by the normal processes of conduction,
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convection and radiation. In this thermal model, radiation

from the circuit board regions is neglected due to the lower

temperatures of the circuit boards. The board temperature

(Tb) is assumed to be uniform within a given region for

purposes of convective heat transfer to the cooling air

stream. For purposes of calculating the heat conducted

between regions, the temperature differences are assumed to/
/

exist over the distance between the centers of the regions.

These region centers are the nodes in the finite difference

model used to analyze the circuit board.
/

The surface of the board forms part of the air duct

previously mentioned in the discussion concerning the calcu-

lation of the convective heat transfer coefficient from the

parallel sides of the components (Hpara). The heat transfer

coefficient of the board varies with distance from the air

centered in the regions, the convective heat transfer co-

efficient for the board (Hb) is assumed to be equal to Hpara.

The area for heat transfer from each region (Areg) includes

both sides but excludes any area under the component (Ae)

since the air is assumed not to flow in the small gap between

the component and the circuit board. The area (Areg) is cal-

culated from the equation:

Areg = (2) x (Bdl) x (Bdh) - AeNreg

where Bdl = Length of circuit board

Bdh = Height of circuit board
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The convective resistance from the circuit board region

(Rb-conv) is therefore:

Rb-conv = 1
(Hb) x (Areg)

The conduction of heat within the circuit board

material and any added conductive material is assumed to

occur between the nodes located at the centers of each

region. For a given region, this heat flow is assumed to

occur only out the four sides of the region. The distance

between nodes in the horizontal or air flow direction (Lr)

is calculated from the circuit board length (Bdl) and the

number of regions in the horizontal direction (Nxr). The

expression used is:

Lr = Bdl
Nxr

Likewise, the vertical spacing between nodes (Hr) is calcu-

lated as:

Hr = Bdh

Nyr

These distances are used with the circuit board thickness

(Thb) and the circuit board material thermal conductivity

(kb) to determine the base board conductive resistances in

both the vertical (Rb-ver) and horizontal direction (Rb-hor).

The expressions used are:

Rb-er Hr

ye (kb) x (Lr) x (Thb)
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and

Rb-hor =Lr
(kb) x (Hr) x (Thb)

The conductive resistances in the material added to

the circuit board is treated in the same manner since these

materials are also assumed to connect the nodes. The con-

ductivity of the material (kl) and physical area (al) have

been specified for either a conduction path unit (CPU) or

electrical lead. These are used in the expressions:

Rl-ver = Hr
(kl) x (Al)

and

Rl-hor - Lr
(kl) x (Al)

to determine the thermal resistance for conduction in a

single conduction path. This resistance is divided by the

number of such paths to determine the total conductive re-

sistance of the material added to the circuit board.

This resistance is assumed to be in parallel with

the conductive thermal resistance of the bare circuit board

and a net conductive thermal resistance is calculated for

each of the four directions using a normal product-over-sum

formula for parallel resistances. Figure 10 shows how a

typical region would thus be connected to the four adjacent

regions. The values of these conductive thermal resistances

are stored in a two dimensional array, Rl (I,J), where the
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first index represents the region number and the second index

is the direction number (1, 2, 3, 4). These numbers represent

bottom, right side, top, and left side, respectively. For

example, Figure 10 shows how Ri (1,2) connects region number I

and region number I + 1. For those regions on the edges of

the circuit board, the conductive thermal resistance in the

direction off the board are set to very high value due to the

assumed adiabatic boundary conditions for all edges. The set

of conductive thermal resistances, R1 (I,J) . is used in the

heat balance for the circuit board.

With the component treated as the source of heat for

the circuit board. one may again apply a simple heat balance

for a region as follows:

Qe-b = Qconv + Q1 + Q2 + Q3 + Q4

where Qconv represents the heat transfer to the cooling air

and Q1 through Q4 represent the heat conducted to the adja-

cent regions as shown in Figure 10. This expression may be

written for Region I as:

Te(I) - Tb(I) _ Tb(I) - Tair(I) Tb(I) - Tb(I + Nxr)
Rtota-b Rb-conv Rl(I,i)

+ Tb(I) - Tb(I + 1) + Tb(I) - Tb(I-Nxr)
(Rl(I,2) Rl(I,3)

+Tb(I) -. Tb(I-j)
RI( ,4)

As previously stated, the heat balance equation for the component

derived in Section 3 may be solved for Te(I) and that expression
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used to eliminate Te(I) from the equation above. The only

unknowns will then be the board temperatures. A heat balance

for every region may be performed resulting in Nreg simultan-

eous algebraic equations. The coefficients of these equations

may then be collected into a matrix and solved using an LU

decomposition method [21].

5. The Analysis

In performing the thermal analysis of the circuit

board, there are two separate situations to be considered:

1. Specified component power - determine steady state

junction temperature; 2. Specified junction temperature -

determine the maximum power allowable. For the first situa-

tion a case temperature (Te) is assumed for each component

since this is necessary to determine the effective radiation

resistances. All thermal resistances and the local air

temperatures are then calculated using the given variables.

The resulting system of Nreg simultaneous equations is solved

using LU decomposition for the temperature of each region of

the circuit board Tb.

This set of board region temperatures is used to

determine the set of component case temperatures using the

expression for Te determined from the heat balance of the

component. These component temperatures are compared to

those from the previous iteration. If the largest difference

between any of the temperatures is less than the convergence

criterion established by the user (default .1 degC), the
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results are presented in the graphics mode on a fascimile

of the circuit board as shown in Figure 11.

In the display of the circuit board, each region

contains the component type, junction temperature, power

level and case temperature for the component in that region.

Empty regions contain only the temperature of the circuit

board. Those junction temperatures that are within 5% of

the maximum are starred (**) for easy reference. This output

is dumped to the internal thermal printer to provide a hard

copy.

If convergence has not been reached, the new case

temperature is used to calculate new radiation thermal re-

sistances and the new system of equations solved. Figure 12

shows the intermediate display of all temperatures that is

presented on the screen while the next iteration is in

progress. If longer than 20 lines, the maximum display area

for output on the screen, this display may be moved up or

down with the display control keys at the center top of the

keyboard (see Figure 2). Convergence typically occurs in

less than four iterations when solving for component junction

temperatures.

For the second situation with specified junction

temperatures (Tj), a power level of .25 watts is assumed for

each component. The component case temperature may then be

determined from the expression:

Pow
Te = Tj -c
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where Rj-c represents the case to junction thermal resis-

tance set by the user. As in the first situation, all the

thermal resistances and the local air temperatures (Tair)

are calculated. It is important to note that Tair depends

on the assumed power levels since these values will change

with each iteration. The resulting system of simultaneous

equations is again solved for the board region temperatures

and the component case temperatures. The resulting compo-

nent power levels for each region are determined from the

expression

Pow =Te -Tb

Rtote-b

This component power level for each component is compared to

the results of the previous iteration or the assumed values

for the first iteration. Convergence is assumed when the

largest percentage difference from these comparisons is

less than the convergence criterion established by the user

(Default 1%).

The output is presented in the same manner as before

except those power levels within 5% of the minimum are

starred (**) in this situation (Fig. 13). Since both the

radiation thermal resistances and local air temperatures

depend on the power levels, more iterations are required

before convergence is reached. Typically less than six are

sufficient.
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6. What Now Option List

Following a complete cycle through THERIML, there are

several options available to the user. A different circuit

board may be analyzed either by entering the descriptive data

set from the keyboard or by retrieval from mass storage. The

previously recorded data set may be read in using THERML with

no data checking capabilities or BOARDS may be loaded under

program control to allow data checking or changes to the

circuit board.

In addition the same circuit board may be reanalyzed

with a new set of installation parameters, i.e., board spacing,

inlet air temperature and volumetric air flow rate per board.

7. Sensitivity Analysis

Another option available allows the user to investi-

gate the effects of various air flow rates. The user specifies

a maximum air flow rate and five separate analyses are performed

for each of five air flow rates up to the maximum specified.

Figure 14 shows how the results of this sensitivity analysis

are presented for the situation of specified power levels

while Figure 15 is an output for the second situation of

specified junction temperatures. The outputs from each

analysis such as Figures 11 and 13 are not presented during

the sensitivity analysis since the graphics mode is used but

an output such as Figure 12 may be presented on the thermal

printer if records of individual components are needed for

each of the separate air flow rates.
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A final option available to the user is termination.

It is important to terminate the THERMELEX system under

program control to insure normal key definitions are returned

and graphics parameters correctly assigned.
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III. RESULTS AND CONCLUSIONS

The THERMELEX system offers the designer of electronic

circuit boards the means to predict the thermal performance

of air cooled circuit boards and avoid the problems that

often surface only after the equipment is in use. The

system is easy to use yet provides valuable data in a

variety of formats that can help the designer to make im-

portant design decisions regarding circuit board layout and/or

cooling air flow parameters.

The THERMELEX system has been tested with a wide variety

of circuit boards to insure that various combinations of the

possible components and empty regions will create valid

descriptive data sets and reasonable results. In all test

cases the results have been satisfactory when compared to

expected results. For example, higher component power

levels result in higher junction temperatures and decreasing

air flow produces higher temperatures with all else the same.

Several tests were made that used the results of a power

level prediction as input to the same circuit board to

insure that predicted junction temperatures were the same

as those specified for the original test.

In addition to the above tests for general validity,

direct comparisons to experimentally determined component
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case temperatures reported in reference (14) were made.

The circuit board consisted of 25 equally spaced 14 pin DIPs

and is depicted in Figure 6. Three different air flow rates

and four different component power levels were used. The

results of these experiments are shown in Figure 16. These

same flow rates and power levels were used as inputs for

THERMELEX and the predicted maximum case temperatures are

also included in Figure 16. At the lower power levels, the

agreement with the experimental results is encouraging but

for the higher power levels there are significant differences.

In particular, the predicted maximum case surface temperature

shows a much stronger dependence on the air flow rate than

the experimental results would indicate. It is believed

that several effects neglected in the the thermal model

become significant for low flow rates and higher component

power levels. For low air flow rates, the effects of natural

convection heat removal become more important, thus decreas-

ing the actual surface temperature. In addition, at higher

temperatures, the conduction into the electrical connectors

and mechanical supports will also tend to hold the surface

temperatures lower for the experimental results. Further

work is needed to resolve the differences between the

experimental results and those predicted by THERMELEX.

Particular attention towards refinement of the thermal model

is required.
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IV. RECOMMENDATIONS FOR FUTURE WORK

While the present version of THERMELEX can be a valuable

tool for predicting thermal performance of electronic circuit

boards, improvements and refinements would be useful in

several areas. The first recommendation would be for more

experimental verification with particular emphasis towards

developing better empirical heat transfer relationships for

use in the present thermal model. The thermal mr-odel should

also be expanded to include both the effects of natural con-

vection and boundary conditions other than adiabatic. In

particular the user should be able to specify a constant

temperature for one or more of the physical circuit board

boundaries. This would allow the modeling of installations

that include metal card guides or cold plates.

The present model does not include the interaction that

can occur between circuit boards mounted closely together.

These effects could be included in the radiation sink

temperatures "seen" by a board or included as effects on the

local air temperature for the bottom and top of the circuit

board.

Additional improvements could also be made in order to

increase the number of circuit board designs that may be

analyzed with THERMELEX. The limited set of components

could be increased to include DIPs with different numbers
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of pins and other flat pack case styles. Discrete components

such as resistors, capacitors and switches are also able to

transfer heat to the air stream and could also be included.
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NELC,'NF',. TEST BOARD
--- air flow .---- > OF LEHDS

E ,. ! : tip

a 1 1 F a a 1 1

/ P 114 Il a 4 2 F I

......... ............ a... ....... M...... ........ .

=, 4 2 aI ',422

4 .. . . .. ..... a .. . . .. .3. .. ... . . .

E 1ZII P 1 -4 2 PI'14i Z! D 1F 14 : 2 1 PEII 4 DE -'14 E

Figure 6. Graphics Dump of Circuit Board
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PEInION # T ur,: 1i.,:C) P,:,,.r ,.1 at i.> F' c. ,- 1'-I W C
1 0 . 0
2 0 ., 0

3 0 .6 0
4 0 0
5 6 0
6 0 0
7. 0 .6 0

0 6 0
9 .6 0

10 0 .6 0

12 0 .6 0
13 0 . 0
14 0 . 0
15 0 .6 0
16 0 .6 0
1? 0 .6 0

00 .6 0
19 0 6 ~ 0
20 0 6 ~ 0

21 0 .6 0
220 .6 0
23 0 .6 0
24 0 .E 0
25 0 .6 0

THE FACO",.E LATAi I FOR NELC. HF'. TEST .COFr,

BOAPFD LEN'GTH *. ef"i , l, g air fl:w -= 142 ri, HEIIHT = 114 r

P'OPRIi THICkNE";S;= 1.44:-: mr,, COND .UCTI T2IT','42 U ,---. -F

THE IODEL ASSUM1ES LEADS PS, COND:.;CTIO FATHS WITH P, FIFE OF ,00001_'002 ,,

THERMAL COH, JCTI Y IT' OF THE LEADi' 3:84 W t. -C

Figure 7. Data List of Circuit Board
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Figure 9: DIP Mounting on Circuit Board
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Figure 10. Thermal Network of the Bare Circuit Board
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OIJTPFLIT [.-iTA FRR rELC. FT TLEr ,,F.D
-- air s.IQe---)

2 3 4 :
DIP 14 DIP 14 DIP L4 . DP 14 DI3P 14

33.? C : 4J. C 42.7' C: * 44.1 4 ** 45., C
.S00 L4 .600 w .600 i .50r : .W N i
23.7 C 2E. I2 C;" C 29 1 C 30 3 c

..................... ........ . . . . . ..................... .,,.................... : .....................

DIP 14 DIP 1+ rip L4 IP L4 10 1IP 14
3s. -Ic 4.J C 42.7 C * 44.1 ** 45 .3
.8M 14 .600 H,, .D H .80 H : .800 H
aJ3., C 15. 1 c 27.7 : I 0 = c

.................... .......................................... r ............. ... .... ....................

12 L2 :13 :14 :15
DIP 14 DIP 14 DIP I IlIP i I DIP I4
38. 7 41.2 C 42 ' C * 44. 1 F -* 45,3 .
.600 [4 .bu a .W 61D W .. 60 0 I
3. - .I C .- 7, Tg 1 L 30 3 C

16 1 :LB is el
DIP 14 DIP 14 DIP LI DIP L I DIP L-I
38." C' 41. 2 C 42 ' C ,t44. I C 45 3 C
60 4 L. .600 W 0 1 .:0 0E. H

23.7 C 26.'" 29. 1 30.3 C
.................... "..................... ..................... .. .................... ........ . . . . . .

D2 :14 13 IP-4 :5
DIP 14 DIP 14 DiP N " DP 14 DIP L4

. ' 4 I ',,. '7 1 : 441 I C 4 45 3 C
.800 Id .L=8010 w .Ga 0E H .. B WE 1 H
•.3.7 C 62 7 C 29,1 Q 3 0.3 C

TY F E E 1'HF'T','
T j u r, -: r

FOI Tb ar ,j
Tc

FLLW Fi TE '..'EL' :" I TY T ir Tcut
COOLING FIF .0070M "..ec 4. 55'3tl.- S-e,: 20. .ze; , 21 Sd-ig

LARGEST CHAlGE IN TE.MP BET4EE' ITTEFatTiDtE; # F IN D 2 .0025

.,, C I R CIjIT B p r ! r, E:CF: I FT I, r ":I S CTiF::ED Uti4DE P TE"4T,

Figure 11. Final OUTPUT DATA from TKERML. (Temperature Solution)
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DFTH FIr' HELC NF"l: . TE.T ORF'D # 1 iTTEFFiTIOn

RE' T, 't- - T iur.: (D ::11 Tr , r g -: - F:, W P - ' J C
I .00 ""66 , 3 E.6 I. 16 .cl '5.00

2. 00 26,06 41.06 25..

3. 00 27 74 42.74 27. 23 "5 2 .00

4 .0 .'0 29.12 44.12 2862 .60 25.00

5 O0 30 .3 4 5.- 25 .00
.O0l 2. .66 *sE.66 23 ."16 .5 2500

7 .0 C, 16 41.06 25. 55 60 -5 . ; ..

8 .0 27 74 42. 74 27. 23 I6 25 .0

9.00 239. 12 44.12 -8.6 P2 60 5.0
10.00 30. 33 45. 33 29 83 60 25 .O
11. 0Q 23.66 38.66 23. 16 .60 25 .00
12.00 26.06 41.06 25.5 .60 25 .0

13.00 27. 474 2 . .4 2¢L ... _ C 01
14.00 2 . 12 44.1Z 2'_: . t-:0 25 .00
15.00 .30 .33 45.33 2 ; : 0 25 c

16.00--'3. 6 s-'.. 6 '. 2:3 16 .;0 25. 00

17.00 26.06 41.06 25.55 .60 25.00
18.00 2. 4 42.74 27 23 .60 25. 00
13.00 -'.-9 12 44.12 2:'.62 . 0 25.00

20. 00 30.3::3 45.33 29. 83e .0 25. 00
21 .0 23 66 38.66 23 .16 .60 25.00

22 .00 26 .06 41.06 25. 55 .60 25.00

2'-:. 0 27. 4 42.74 27. 23 6 "1.;j0
24. .00 29. 12 44.12 28.62 .60 25.00
25.00 30.3:3 45. 33 29. 8-: .60 25.00

Be-ARD TH I i:NE-:= 1.45 r AND CONDUTIV'I T' = .2' Watt:. -

COOLING AIP FLOW OF .0070 M-3 per SEC VEL= 4.5536 .'l-.: K 59 .274" FT.

INLET AIR TEMP= 20. 0000 d-eg C OUTLET AIR TENF= 21.80'?l 1jig C

LARGEST DIFFEREICE BE; .EEI ITTEF'TICOH:S- = S .:-1 3 9 -6 -

Figure 12. Intermediate OUTPUT Data from THEI4.L
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OUTPUT CATR R"O'R NELC/,P,'] TEST 2ORD .. PO EP s',LUTLrJ

2 2 4
1I a  

14 : I1P 14 13IP L-4 DiP L4 DIP i4
8 .0 a ,2 . L.t L :1E,.0 C 80. 0 60.0 C

2.715 LH l ., .722 160 .53 H *- .371 W
80.0a Q ' C 80. a C 80c. C

.......................................... 5 1..................... . ...........

IP 14 iIP 1 IP 14 IP L4 DZP
80.0' 14u 131PDL SO'S4D

2.715 W I .J H .z3 W 0 .4 tL.31

60.0 C 80.0 o a. 80,0 C a2 0 C

..................... •..................... '..................... ..................... ......................

L2 :L3 :H 1L5
DIP 14 DIP if DIP L4 IIP 1 : DIP H4
88.8 '- 88.0 0 8 0.1 c 80.0 C : 8 0.0

2.715 W, 1.16E1 H .722 H .50a2 W ** .. :71 H
c.O 0l.O C Go. 0 c go 0 C : O 1,

1is "L7 t aLB I LP
DIP 14 ?DIP 1* DIP H DIP LA D 1 P t
a80.1u 60.0 c 8 0. 0 8 8QO 2
2.715 1 . 502 *

60.0 C 0 o 80. C E D 0 0.0 c

2 :1 :2.. 32 :29DIP 14 DIP 14 DIP t4 DIP L4 DI.P L
50.0 " rL 8 . 5 C so 0 0 SOa C

2.715 H, 1. 1 H4 .221 HW .502 N *t .371 H
60.8, C 80.8 C 88.0 c 80.0 ,C [.

TYPE EM FTY
T j uric Q r

POW T,r d
T: asp

FLOW PATE VELOCITY Ti r, Tu'
COOL ING A IF' ; Ci0N1 T r 1 : . r : S 0: .... - 1 , g,-

L~iRGEST CHANGE IN POWER ?E7'-EEN ITTETI .I4. *' ANM # ' .

CIPC.IT B:IAR LE':..CF:IFTIOH I,:. :.T,:PED U-tAEP FC,'LJT.-T

Figure 13: Final Output Data From Therml (power solution)
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Figure 14. Sensitivity Plot: TJUNC vs Air Flow
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IELC,- IFf, E, TEE,7 T ,:.,P.PD

1 .2

[ .6 *,
C

- I 
_I 

I

0 6 1i 1 24._0

Rir-F c, E,3 ard . '1DI ;' '

Figure 15. Sensitivity Plot: Power vs Air Flow
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140-COMPARISON OF RESULTS
.88 W

G120 I TH-ERMELEX

0 -EXPERIMENTAL

-100- .6 W 0

a-

80- 0

.36 W0

MJ rso -0

.16 W 0
M 40- 0

0 0
S20-

00 1 2 3 4 5 6 7 8 9 1'0

AIR FLON/BOARD (.0001 MA3/Sec)

Figure 16. Comparison of THERMELEX Predicted Case Temperatures
with Experimental Results from Ref. 14
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APPENDIX B

I0 I AUTOA S T .T ...... .tiRI'/EP PFO M FO ..
20

40 * 4

50 A SYSTEM OF PR:CFPAMS FOP THE HP ?::;45 *

70 . TO FERF",CM THERMAL RIAL,''IS 'F ELECTF':ui:: :IRCUIT . *

I30 1*
90 ....... * - -------- ---------- --------- ---------

1103 * 4

120 * PREPARED A1T THE NAoVrL FST'3GPADUATE SCHI:IOL riOhTE'E'
130 * 4

140 R* . A. FOLT: LCER UVEN
150 I * *

160 * 4

170 * 1I1II AUTOST III UNE "CC,
I V)

19 0 * P R 1 * T-E.P I

20 PRINTER '0
210 PR 14T C HRt,-7 1 _14T
2110 DIM $SE[60]
230 O p

250 G OS J : - .E f ,:

260 cO£tS In U F t
270 IF r:"SACV tJP" THEN !:?pl,:, '40
280 GOTO St art
29a t art e: i]iSUE Error
300 St art: St="to)TE T:' .': P JZ,;!'T S'FEC I L F L!C T : tl tE :
310 ON ERFOR COTO St ia-
320 COSUB P ag e he ad
330 PRINT " The t'ol l.'r),g ua V-- ke', I l k e e fe :- ' e-I :','e.:

d. "

3403 PRINT "In eer a l .- ' ; jet f 'irit o , are ,. o'.' r. g r e d:fra 1r: a-

i s ,)ai t i r,g"
350 PRIhT "for an irpu? i, Fur. I ,''ht ir ,','r -. h' ::. " . . The Sr r--ack
-U .I0 opt I Orl "

360 PRINT " <k' returr- I he p r :rcra r t o a p r *' :,,.s qu Is :.r :r ,:n' : .o '

370 PRI INT

380 PRINT " KrL 'hDU 3 4111e U-aed h en theo th r d 'n.-'- 'eE,- t -: n.-

4 50Lt tIn at "

390 PRINT " t EY' e :,'r ret-l l," ri- nt-Er' n tle. data." t
400 PAINT

410 PRINT "I ,' KEYdo n h , r.'i e ale, : k- , c ,we I . f I I:..t 71 ''-
6 1,E4 ", "

420 PRINT "a Y-rr ore 11rei bh pro.,iae."
43,10 PPINT L IN, 1
440 PRINlT K KEY 'k 0 , i I I t, ack ,. p t j t h. -i , i,2u, , 4 ,.e- i n.

4 5 0 PP.IrHT K. EY " I ,i Il d i sr , a pr-, . t i ,.,u tp.' 'ET:IT ,.] pFFtl .-

460 'PRITf K KEY k2 ,, iI I d'i -pl ,,., p I t t, e. ut,,.a, -.4 t GLF' F H I -.,"

470 PPIriT " :EYf "k 3 , p, r1 i5-1~ p: . p:{ ,I .,t
t 
e.-.j o,., ;t o D i M .F C ' H -.

48K P I T " KEY k 4 ' 11 , , le Ir ti t r.a? otlr.ittP , I iP TE F . "

490) DI) SP CP'.' I'OHT NWHEH FEt':, F,-IF MO,'FE E FL_.r,iT I,'Cl 
" '

500 PRU iE

5 1A PRINT " K EY "k5 ,,'11 -r, at,-, q: r,fr,,', : Kr i '-.' ':F P IT E .R 1 ? 0

520 PR I NT " KEY K7 will r i i-, J ir .i .) h " a , d a ap PEW T I Ti4
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AUTOST . L. FI' E' POF THE9 NEL E.-

540 P; I T '" EY l 14 1i i ns,,er ,'i:e ."

550 PRINT KE,' 'K15 ,ill answEr tio."

560 PRINT L IN e> '
570 PRItiT "In g;ener w ..hen a,- kering q..j i r,; or eI, ' in an oP 'Cr r Il '

5 S'-Z PRINT "wi th no other ent r') ..i l I as s i'v, either the jef a .i'- .:,r tre m '5 r

ion i n"

590 PRINT "s)-arflnth'--i I'i he t fI r-t , pt IoDn , 'he I 1 t. a he desired 'Zr..

00 PRINT LIN( I ,
610 PRINTER IS 16
6 0 O ISUP O1,.i''r I a''

.0 IF Ar,-.:=" CI *JP" THEN -O

640 LISP "LOADINC E' OEFFINITI-iJ.
650 IF Mp=O THEN LO'ID tE, "L:".E,
660 WAIT 1000
6 70 GOTO
680 Optlorn,-C: Error-
690 Opt I -'r. : S= 1H I4 *' , I .Fi TIyi,- ,"

700 ON ERRPOF 0 T ,jct '.7
710 GO";UB Pa';ehe a..dt

72 0 PRI NT The THE IELEX p. , :, . n ac i a';e ,c -r! -I -; o f ,hr ee m a or _= '
crc of'"

re C alld I "
740 PRINT " 1 1 S and THE:'ML , El h t, a,,.'e t c, anpa , ' : rea ci r,: .i ' t

ar d dat a"
750 PPRIliT "From a 'las :-.Stor3.,.e -''ice '' Tape :r Dill', bt,., :,' !OA Or 

"  'ar:

760j PPINHT " fa) I rpu'I ci' ' :cr~ je: in': fo r.,C 'tt
770 PRINT "(b) AIl.:,. , r.h i.:alI g i :d- i : ' - p' ,.r,-..

780 P RINT ""C) 'lake s :,, ret P ,.. t 1s rl cc .a reIe..ir-

790 PRI NT " F''' cor, ,-E .:ript , n t , ,..a D':rd,.. .

800 PRINT Lii, I , "THEFrIL perf ,-ri r , t thE -rn,a' anal'':- ar :.tpc.. , r- -I

810 PRINT L Ii 1 ,".'OUR O7PT10't:. A P.E'
820 PRI lIT I. LOAD B ,ARFDP S Tn I hF.;T :,E F : F - On 0.r E 2

830 PRINT LIN I ),SP 'O"',"2. rD B -F 7 - DE ; : -: :L; 1C,-:Z'-

840 PRI NT LI ' 1, , AI P o, '. LOAD T"E tL E c -E- T :P. S F;7 5 - -

GE" WITH INIEDIA TE ''-L 51>

850 PRIHT LIN',,$P'.20 .4. .OPy ALL FPOGRA':"
860 rrn" 1"

'

870 INPUT '-f ,OUP CHOICE "1.. 3 A4", AnSI
80 IF AnT=" Bac UP" THEN St art.
890 An-sINT', 'tAL' Ans I
900 IF :Ans'''' PHD ' An-5, THEtl ' 330
910 GOSUi: Er rr in ?
920 GOTO Opt ion;
930 IF An;=l THEN 'Iap 2
940 IF An-2 THEN Map=3

950 ON An; G SUB 1 z-r', .:-,, T r herA :, C',

960 OTO Opt i on
970 Gen : ISP "LOAD - luG GE NEP L CI OL" IT FiOg RD F ,..P A
980 LOAD "BOARDS", I
990 STOP
1000 Theri, :Dl IF "WC'P ItNG LOADING THEFML

1010 LOAD "THEPIlL", 10
1020 STOP
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RuT,:T ;r I'i E;, FP 'kEr 2ELE>

1030 Ccp',,e:CO'JUF Err',,
1040 C~e " I THI E T FDi OR FPOO- PI R -EP9'O0'.!CTI :1 Q:.TO RiQ OT-ER r'lR 7 T ,'::P E

1050 ON EFFCP, .x,: O .,
1060 S$="CLP',':HG rHE:'ELE' : C',FRM3

100 GO ju: P ageni a.
10 0 PRINT Thi s ,:t :n ii .A 4 '' :.r)r :, i'.c isC, ,ji THEF MELEK ' .C , Z " ,AI.

St or &ge"
1040 PRINT 'elc-.l e r ir,thtr. The mass storiage ,ei ut, ap , Z. .: i- , ',,.' -
nit I al I zid.

"

1100 PPINT "It he ",.iv a Inten ,d 5- thi JI, i rat on i re' or '' , - : .. -
at ILI I 

"

1110 FRI nT "r' ;.1 ti-j, tve L I" t .pt in 2 di'' Er r f r", !'r t P. i. trS." "'H

ERtIELE:2
1120O PRINT "A 4'4 rE,'aI r j4S arl Jppr S'i at' 1'' k? ' aZ~ A A'1

a MCC IL UM 
"

11 0 FPR I HNT " hI t r1: ' ' - - ." r'. n t i

Iow'
140 PR INT uA't f i irt.' .:ki t'r eh akIE arj~i. ':rat :aEr

cr1 pt I Drl .
1'!0 PR INT "O ti .on 1 ',ii re.ord it) 'he a- a I t - p i : p . a I:.: t';.s e ', t 7 I

e'C onn rli de ,' , "

11t0 PRINT ''C, t ' C-l
7  

" :.t-,, ant E''O4 'x -D THEFR"ME'E

1 ?0 F F 'I ,"M T L I , " '' F E
1 130 PRI:T 1 C P',' FLL - C ij WITn 1T :T: ,ALI;T , ,.
1190 FP'Int4 LII' I, FR'_1,". PF 0L F:C;''" RF'E I'uT:RXZTI_
1200 n~n=" 1'

1210 INP ; T 'Y _:'UP CH ,'i 'E ;R:7 I : E . ! r 2r", r -t "

1220 IF r- " , , , THE " ' -

1230 An.;= I ;4T R.L . . .I
1240 IF (',r'; A n I -. R = .2 THEH I7
125'C GOSUB E r in
1260 GOTO cp,
1270 FAr_$- 1 =r l- .. I

12 30 EDIT " HR T I ETI ;:E :E . E C '.4TR t IM THE 7HEP IELE. , I'E I 'T- ,= I ,
,ETC) ", A n .S
1290 IF ;ra =" T,_ P EN C-,p,,
1300 IF ;r, IC. . ' ": ' THEM R r; -i":" :nr

1310 Mau.s 1 S =An; a &
1320 An.=": T14"
1330 EDIT "WHAT h.RE ST:FE rE vICE d'nTRI - E DEETI MRTIr MEK p1. - I! . : IT.
F8,ETC)",Fn;$
1340 IF Rr~it"SC" UP" THEN C-n''

1350 IF Prn-Si 1,1 ":" THE An.S=": "'Ana T
13G0 IF Rni Pnu_Il THEH 1450
1370 PEEP
13S90 FRIMIT F);,; ,LI 1 0 'SPF',10 ,'H0 W 9NM I C ' PF F 'i ; .. :s; " TO ' Rn -
1390 PRINT SP'P,'IjT;:Y A GAIN"

1400 WAIT 2000
1410 BEEF,
1420 WAIT 1500
1430 BEEP
1440 GOTO Cop',
1450 UA2SA,, £

1470 IF An;I THEM C:p"'2
1470 BEEP
14'-0 PRI tT FA E. LI' TFA ' TA 1. '
1490 PPINT
1500 PPIMT TAB' 15',"......-.*-'....I.G --...--....... .-.- .........

3'
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AUITOS T 1 FR I E7- FO P THE F ''EL-E!:

1510 PR INtT LI ti
1 50 PRINHT TaD. ~5 T' THIS APOe ILL Et'A:EE RU.ILE.K
1530 F RI HIT L I N' Tr, E$'
15 40 PR INT LNk 1 I , , C . 'WEE T- <C T: 1A' u IF TE I BD uT Ih LESEE

1550 P INT IItI Pp; ,F rA u E B t4 CiT FR T HI . .~ . . ..

1 560 11AI T ; '0
1570 BEEP
158017 INPUIT Rr £-

15-)0 IF Ar-.- -',,F' TE
1600 D13R "OFF IHu UJLII'
1610 INITIILI : M.4i :1S
1620 I F P'1!'t- Ct J ' THEN
1 680D LSP 'WJ, 7 ~Tr
Ie40 CR;1E AT E 'U
16 1 0 CREATE LEUP s I
1 660 PURGE 'DIlrM"- m N

1670 Cop-'' IN THU I HE RCT'A-L :R> RE.PC

1680 REsTORE 1750)
1 6*80 FOR 1-1 TO: S
1700 READ lti ,
1710 COPY NkTa~'A1 i W
1 72L0 11ISF ' COIPYINGl] a'r- -S F;:Or1 ';i.S It: TS ;~~
1730 WA IT 1 5--0
1740 N4E PT I
175S0 D AT A t D E', :1T D E E :E10 --T , D E,!; - P 'iT(T Brs 0 . HE-.- 'EE
1760 R ET U RNk
1770 1

17830 S-- s t o0e G 0'UIUI Er M

17?8 Q etstc: I THIS ; E CTi3I4I":ET-E riI tNED E r IE 7H EFi EL 3 EE: lB D: B

1800 c I MASS5 .TO'';-;,E TO: THA7T F LaC1E
L13 ON ERROP COT0 E,-!.
1820 S$='LOCAFT ION- O-F THE THEFT1ELE. S-TEM"-
1830 GOSUB Reg ihe ad
1840 PR I NT ' It 1it r-E-:-arv' 'h~it the fikAS - :T :r &l4~ 'i't i'i

E RMEL E::"
156 FRIT 'stithi ~ti n'. 4i.1 .~ -

e defi A lt"

1860 PRINT ' maz st-crai:s wil 1 t, ' .iU #r :: '' 2::

I t ered"
1870 PRINT "d r I ) the .,I o THET.MELE::. . at a ai- :iZ' '

186530 P R I NiT t5k b a,:':e cud by ar-p4n,.i is' t h-Ep:-cr'V~ ':::z-: K

ni am e."

1890 Ans$="T'I
1900 EDIT "I:HHNi4lE OF ENTE;- FELAN, THE LocalTI: iw CR- TH-EFM--L= I Ar S

1910 A,$UCin$
192110 IF ASnEr I: '"II T HEI H nuP ttaIuI

)THEN 19 70
1940 BEEP
1950 GO1SIJ B E rr i n
196 '-0 GOT') S4
197",0 M;'u;j I szin = £I,-
19so MR.., -S IPAE Fimu1

1990 RETURN
2000 Over ' avm: I THIS. SECT ION PREFAR1EE AN OVEFLaY ROF THE -I:Eo

20180 n$ V
2020 INPUT "DO CU ES .IrE a1 FRFE: !I, OEoE~A 'OFN'-
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AliTOiST .. DPI ''ER Cn T,E IELE

2030 'IF ~LC P,-- ~"',i OP :-IR K -IF 'HE RT;'
2040 PF ITER I'S 0l
2050 PRN F4 D 'ER R FP :E! IE F YFC E- . E :E P L L 1L NI

00PRIIIT E a,:c _.'api EeAT JENTER DY' F r TIFTI E~D RU

PLACE"
20370 PR*INtiT ' V ~' :RHF H I CI; VIC;CPFIC 5 13 j:T14 :T1I

ABOVE E .i
2080 PRINT "TEAR HE;;E - --------------------------- THEN FR EE CONY
2090 PRINT L I H
2 100 PAUS E
2110 PRIN "jI t4 T EVIT 'E 3j4

PLACE"
2120 PRINT I I f LINEj j

BELOW i(E
2 13'0 P R I NT L .
2140) PR1'4T E~

2150 R E END OF OvEr i

2170 PRag; he-z ac HI I TECTICH1 FLEE 0711 Z:E E ED 'I HF- 1 ' E 4N ;r
2180 PR INIT F ,E, TAE 34-LI Eli,' I . C- ;HF I' S: 4 : j Is LF 1A I ,' 2'
2190 RE TUPFN
2 2 00 Err in: Tv' ECTION AiLEPTI, THE U'E T ' A'- 7TE".,FT T) IN, FiT I.N-'LIO > ' -4

22 10; BEEP
2 220 Fr I NT F53E
2230 D I,: F," I :.JT :!UJ OF ;Zi: 43 .. .. . . .. T F
2240 WrAI T :s0c0

225 BEEP
2 250 Wr I T 10
2270 BEEP
2280 R E TUR uSCE OF Er r r
229 0 Err :wr:
23-,0 0 P RIN jT ER 11 IS
2 310 PRPINt4T LI '4 7T E'C,"E FOR1 NU:1E '_ : EI, 'EA Fc E3 Fl 8 E L
2 320 D I -P EE h INWULE kEu F E rD' TO F:1 E : :FF N
2338 PA U TE
23401
2350 Pa';E.:rt: THIS: -E:T:ONJ BPE%*; 7m. >5 ETFUC.T'II >00. rOE' F.> THE -7T
2 350 D IOP ' F''.i s .NhT '4 tij'. i r
2370 PRINHT LI!., BI irl
23S0 PAL:E
23390 RE To'3iI
24001
2410 Pa;Ef:rt:1 THIS SEC-T: 211 EFEFE THE FRITS) liiTPjC:TM'I :~.: P4;35
2 4 20 PRINT LIII"'B1 ark :
2430 PR INHT T741> : 15 'R .Pi ";Paicnr.cam
21440 PRINT LIII 1 ,

2 45 0 IF Painrum.5 THEN F ETlJRN
246C PRINT LI4.R:2:E.'s. 'HFS 11ZS:-F ~ '

2470 RETURN,!
2 4:i0 1
24 0 InsteI:60S1U Err.:r
253 ?0 Irs,: THi . SC T l0r FT SPATEl Ai SET COF wP IT TEr Itilli!2tT Fr11 FR THiE lEEC

2510 ON EgFOF: !;,Th)Ir
2 529" Sf ="l IS: TRFLCi TI lii: FOR-:F9 US E CF THEFMEL E;
2530 GOSUB Pa''eNCd
2540 PRINT ' A 'grIttE,1 r IDE,' "g. r tr.r-, *:' p' 2L r 4 i vrtE ia
wilIl hel p"
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RUTO'T . . bFIVEF F'F THEF'IELE"

2550 PRINT "one To ,:.- n,i I -. r wi th Ihe 'HE;rIELE. ! it.in, ,ji i .r..z c y
ing the
2,60 PRINT "'h-e ,cnpit er. The e a re i nt e,- - I ¢ CrI'.' rU. eC m t t ne A of r* rt

c t I ,i. "
2570 RF'INT " ',E , ,Ir ng Ie e , :c.,t .n of t S .. 'e , o pr':.r' m . The-a ir -.c

t i or) i ' 1 1 "

2580 PRINHT "nornmal 1 y, be presZenteid on t he :scree n bu r if rCu je;z i re a hnard Jc
t he "

2590 PRINT "1 ,A'f ,:'I ora, ENTER ',F'PT r at her t har, Y

2EC10 ArnasS="
2610 INPUT "IC YOU LE".IFE FP 'ITEE' IH".TFS TI P I -.t '7 1r ',' C. 'rPRT nP ,-r

2620 IF RnaS=" 1CK _U " THEN F'ETQ;W:i

26 -,0L IF 'LIFCI 'r., - II n'I"II' OR 'I.IUF"':rkRr-
r
I'= "'I' THEN ZWr7 j

2640 GOS IJB ErI-iri,

2650 GOTO nAt

2660 IF I.IPC'- I r: , =" " THEN PETcF N

2670 PRINTER IS 1,

26*"S0 PRINT PACE

2690 IF IJPCsI'-:,$..'="'P" THEN R;R:ITEF 1c 0

2700 P=16
2710 IF U2':s ~n -=.t , -I ="':F ' T EH P=O

2720 PRI NT LIt.,4' ,T Z. '7-LEM _. -," ',: -,-- : =:..FI 11$: ,L t

2 7 30 PR I NT The THERNELE e 'A gn c vi eC re r,, a' :I; er ar, a' A _

air coo I ed'-
2740 PRINT "El. -, or'': ,.circ.it b .a,r -, The -,., :- '- :' .hree na ,,"
au, = : "

2750 PRINT

2760 kPPRINHT L :kh I 'T RBE :7"I t~'E Driye &"i CACi.

2770 PRIHT L:h'1 ',TPB 17',"2. -ATY$ Ir-'.,' a .-i r cOrVr, 1 j.Z at a.

27:*0 PRIHT LtI' 1,,TAB, , "?. THEFML An Ia II at) outp ut, t " " e '

2790 PRINT LII!' I'

2800 PRIHT "Tre ;.,T:,T pr an,,;r i e- at, 1=-ies f-,e:I a 'l i, Fft t n1 '- a ar,,d a":'--

a the dr i ,er"

2810 PRINHT "i:r t he ct -er pro, a%,2 ) t ir he rrER'; ELE A '' i. Te, k-.'' ,A '':'n

tions are
2820 PRINT ""a) i t ' ,ro .,4,; t t he, U ,ae , c -, ' h.mc e rt r." ' he c I ' ': 'fer

Srit t-pe"

2830 PRINT " c ode A 'Ca'" n, C e': a ,''r cr' ROR'S

2840 B LIar,- a

2850 IF PlrS THEN 11'SUB Pa e:rt

2860 PRINT

2870 PRINT " Thisa jr.i ,.,er- prograr is enter- by ., a i.:Ih tr' * ape In '-e F:.!, I a"

y t ape "

2880 PRINT "tr ansp:.r' 7 :15,, at. the rnight, si e at'o'e t-he A:Ci a c'; 41.
:",LIN(I)

2890 PRINT T AEIB10 ,"TVFE: LOA ":HRI' H'TI4 ;F,-:t" I H ,4 " T',ne. Fr

ss EXECUTE

2900 PRINT

2910 PRINT "If the '?45A i c.ff' the dri''er" na,. be loa ed t rt,

in :T15,"

2920 PRINT "ltci r;ie AjTO_ 'ST Vic in the dc'u'n pon.l ior), and tur-rin..: 'h4 p, -s1
on.'

2930 PRINT "In either" :a'e the firt que -ti.:rl .,iII t..e ,i,:c n;' the I,,1 at T n

the "

2 9 40 PR.INHT 'THE:CIIELE.: s';-;tin,. T h E prcr,: ,a r,'. wiI onv crYCt. 'he deftaut Ias ? SB11 v
dev i ce"

2950 PRINT "to "h'at e-erdevice cct air-A d'e ;'V c. Iat it lqpcr' r a' ' r
t

nrge t h i "
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29E0 PRIHT "wn I Ie -I i ng THERIIELE:>. Tn .C i n tr,.z, or,: t- ie proo rieI-rt. :a'. paper

or CRT and"
2970 PRINT "a paper ke'cd- c.-erl - mav be pro,,I-je.j a; a *,uide to "e ,, '
it ions"

2960 PRINT "t'at iv loat . ,aej A,, UTO-;T. F p1 a;t: ot v rl a, i s a,,al l& fr-t. : r,IE Hew
lett-Packard"
2990 PRINT "ma-. 7U0-.l 4, '.-nih a.'. be--, ll-i in' ein'; the p i" :g a rt, r a- a.

a gui ,d e. "
3000 PPIhT "The ohEr pr ,gr a ,- are j ert .',. .''e .:p '.n elcC, 'i:,n I .-z N? e
in AUTOST.
3010 PRINT "Noralv BORFIr: F - r .1 t oaded , c 1 a 1w the T p,' of r.: .j t a,rd
di sc r i pt I o e "

3020 PR I NT "d at a fr: r he k ,yb: ar . The i rzt ri.: a ,:, ' f1 1 ph- ' -
opt I on. "
3050 PRINT
3040 Elank=4
3 050 IF P= 1 THEN W]I,:.,UB ,age c:rt
3060 PRINT " The u-er -- houl ria,,E either *he c.rcui, b_ rard or a iaa:-, a a

l ab I e"
3070 PR I HT ",,h i e he s .- i ng i 3 C i 'rR p, a- 0 ' *E T he t: ar, -h.: '.t
the cooling"
3030 PRINT "air f1 , fr':,no h, left to h. r 'C,. M-E a--ure t ,e lerr'h ' ef - r :

in the air,"
309 0 PRINT "f.i . iretion,, wi-th ari,- tii Ckt o 'P e : r b r ra
ter; ( r, n) ."
3100 PRINT "i t I e,:-z a tr-'.:, 3 ,...E the t,,:or- ': - err aoa:. i a r.: ' r
ion; in both"
3110 PRINT "hor-iz.on' a] and ,er', i,:al dtirection;. The ,en'cr- D .an f nhe-A r e
gioniii 11"

3120 PRINT "forr, " , .n , -E;- of a fin itA: ,d feren:e ;r.i -, d be .s=.id It e , 'er',a!
anal y si "

3130 PR I NT "of the I - t ro.n i c o-ar t ord., T a g i r: a r, 1r, ' s ' ha' are :r s a
ed divide"
3140 PRINT "the C Ir'C I,t t board ino, r'I ; ,icr.; ,ha v , 1 ci' ,e-- be em: ,' . :r i 1
t air one "
3158 PRINT ": pn r . . .rn en... i.r, t- t_i; r.,. u i;L 'c :ae of 40. p i r . .
ich occur'u"

3160 PRINT "to region; due to their lar.a -ize. An a? 'ei. t n ap Fro r v.E
rea l circ¢uit"

3170 PRI NT "board ,ith a model req 4 re-- ;C:,,E f'l-.-xtbilit, ar- 1 ima-zi r: 'oa a' tr,.i S
point."

3160 PRINT

319?0 PRI NT " The tnerr: m, del --. for ' - al' _i- ,, a-SUfe traI e :', n
mponent i s"
3200 PRINT "Centered in 'h e re:. ,jn. The fo! loing c-trnr,'a can be t .nc-.d4d:
3210 PRINT
322-0 PPI NT " DIP- (horizon't al or tI rt: aI CHIP CRFPIEE
3230 PRINT " 14,1 ,24,40 pin;4Q 16L

4
,40,4 itn-"

324a PRINT

3250 Page num= I
3260 Blan s=4
3270 IF P=01 THEN GOS: PaEprt
3280 IF P16 THEN . P a;g. r.,
32-90 PR INT "The 1 it io: i r :. ; j t '., re 'it i ,,; ' he -C.p:. t ; *, 'he I -' at
ove will "
3300 PRINT "pr -.,ev nt -one cir,.u it ,,ar-i- f-' be ing pre:ci El,, m,¢odel-ed u_=t, . THE;I
ELE:' but "
3310 PRINT "are n, .c...ar,, ',, pro-i.de ftor the - r, ; ple nr',p,.t o.,' 'he , -p:r p' i--c , -e '
a."
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3320 PRINT
3330 PRINT " Nher BOARDS Is loaded ,stng :p, , on NI r c RiET a :,n'roI pi
rameter is"
3340 PRINT "as1gneid ,hii:h cauas;.es the progran to beg' rat 'he section which a_=!
for the"

3350 PRINT "geometric parieters of the bavre cir.it board. You 0oi 1 1 be as I ed
a enter the"
3360 PRINT "length of the board ir nl1 lieters. Enter the lrah asn ei'her

he number"
3378 PRINT "pad at the fa'" r ig ht of 'he keboar or the r,inrs ato 'e he le'' er
keys''

3380 PRINT "Collowved by 'he CONT Ke'. The nent ie stron -iUll appear at 'he to
ttom of the"
3390 PRINT "screen while the lengt'h that was ;-t enered will be prn.'.e 'me-
atly below"
3400 PRINT "'he instructions. Answer" each question rer-mber'ng "o ,.'iC- 'he CO,'r4T

Key and"
3410 PRINT "check mhe walutes or the screen. if a mil ie is aje press "0 and
the program"

3420 PRINT "'wil 1l ask *e ' q,. 'es :n again. Af'er 'he ler gth, he',gh, thkrness,
onducti lt.,"

34.30 PRINT "n,.ber of regions ' the "X' direc'i n ard 'he n,',ber ' rer: ,
the 'Y'
3440 PPINT " '.i' or ha'.e e nl en'tered. the p,':r na, '.'1l a-k for" a -- ,4"' a.;

than 50
3450 PRINT ":haa.:ter-" .-' descr'ip ve title. Tro t 'itle wI 1 :ne par * of ' t

ata set for''
3460 PFI'T ' en:ircui' board and 'at 1 be us~e to ider''f "I 'he v T'''J . I,.e
ples are:"

3470 PRINT
3430 PRINT SPA'',"TE.T EDAM R?' PF:ECT :'n FF4T :r :tEC:'TIE -.- LE
#1234.9A ."
3490 Blan =0

3500 IF P1l6 T-EN iO.LIB aecr'
3510 IF P=O THEN PC'IHT
3520 PRINT " The screen will ncow shift tro, 'he aipra note " the g'ianiriCi i:
de and dra'"
3530 PRINT "an emp-' board '

w
ith *he ima,_ir'ar regions :a'ati :f . h .M.l''e-: 11,%

6i. This"
3540 PRINT "pi:tre 'will remain on the screen for only ? se: a'er it is drar b
Ut it mat'"
3550 PRINT "be ret ried to the s.:'- s- us iing 2 to. 'll, ', r t ,'tie or Ce--ci
ing."

3560 PRINT "KI 'will return the cr.n to the alha nalpacde f' 'I ne A_,1 'On."
3570 IF P=0 THEN PR INT
3590 PRINT " The szpe:ial function kept will ro.' be u-e-: 'n 'rp: t'e c:nt-,r'
of each of"

3590 PRINT "the regions defined on the tl-anh boar. This is the las -ance 'c.

use the '
3600 PRINT "lack-up option '0 if" the board is not .ore,:'. A new Fey code 0-.
May will"
3610 PRINT "be provided if recessar. and ",'us' repl ace 'e ,;ereral pur.oe o'er'a
y an the"'
3628 PRINT "Q eboar d. The keys dfl"ed In this -''cn a:' as pi:'r',t inierarp
ts and will''
3630 PRINT "a=i' t' 'he screen 'o remain in the g'-Lahic.- e -di as 'he .: r

°
r ar

o defined.''
3640 PRINT "q flashing crc . ill o,,e to each re,'on I' ',:.sior and -a ' for
a valid"
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3650 PRINT "key to be pr-:-sed. E,,er, region mu=t t'e Itafinid -in if impt,. It
Is "

3660 PRINT " ' aport snt. to 's i t for the :ur-.:r to move to t he ne t er,,pty, reg' on be
fore keys"
3670 PRINT "are pressed. The ti,-: ..:,pt on will HOT .rct ,,h-i I - Efi ninng co n, :

onients but"
3680 PRINT "ther'e will be an opportuni t, to make corrector,; in the ne.t -ec,:t 1n

36,90 PRINT "lIen al I regil:ons hive been deiined, the s cree 1n 1 return To the al

phi mode to"
3700 PFRINT ".k if there a re any co,rrect ios. t thi_: p :nt k2 j I ret.,rn the

graphics"
3710 PRINT "to the screen arnd -A ' 411 return the. aI ha ode to the scr-een.

3720 Bl1nk--=O
3730 IF P=16 THE4 "'OS-. Fa'gcrt

3740 PRINT

3750 PRINT "To ,'ake .:orre:t i , the n , -.tr; o' ALL i i,-c r', eCt re g :P, are -E n1 te
red and the"
3760 PRINT "c,:.pneni erased.. 'Wher there are nia mor"--, 'oe, press ir.n

COIIT w iTh"
3770 PRINT "n:, entr,n. , l llo&v all empty r.egions to e rde-if ned. a i ]hrn,:
ros.: si l l"

3780 PRINT "v iit ea.:h er,.pt'' regi t',:, fllo' ed-o be t fur her :,rr.:t r.i n .z ppcrtut ' a

s needed. "
3790 PRINT "Wiken t he board j s c :rr c t,0 t he geneoral puLrpcs F- v j Ectntcn are
returned."

3800 PRINT "ard thei norrmaL key code ove:rl a - uho ud be. rerc
p

i a c.
3810 PRINHT
3820 P age nu,.,= 2
3830 Rlank.= 1

3840 IF P=;) THEN 1-.UB: P agepr t
3850 PRINT " DIP coipnent.s ,eeral,1 are prcoduc e.J i n t 'c f t'-rent c as.e

es, C eram IC"
3860 PRINT " Ir plastic. These are dif'fir-er, t s ize and'i', sr,,- azfectsC T e ne ., a.l

anal ys i s"
3870 PRINT ".er forme in THEPrML. The ne'.t sect i cn pr,:.,de. soe'ea1 die h.:.,- ,

specify the"

3880 PRINT 'ci-z s t i z-s ir" the ;IP'-'. ThE-s e ire: 1 a I plasti. . m 1 cer ,,

iC... .

3890 PRINT "S) najor t.- eraic ' us er Sp .c i f,.hch yC p1 ist ic;..,4 * , pajort'' c 4

eramic (user"
3900 PRINT "specify whi:h 1are :-Erami)..,5) user spe':if' :mse style f:r each DIP

c omponent
3910 PRINT "It', *geieral,, opt.ion 3 or 4 require the user to input the nuer f -. re

gions that"

3920 PRINT "at- either plast ic or cerati: and mr-e u-ieCul f,:r speczif,in. the -tyl
e when"

3930 PRINT "when Oh,,- ,,* fewi are dit9fferent . when t here i s a nearl requal iii , op

tior 5"
3940 PRINT "req uires a I f"or pl astic style a, d a 0 for cer, ai s--tyle. AF'ter alI
DIP's are"

3950 PRINT "-pe,:iiied, a lis t of regirn numbers is- dipl,,ei on t.he scr-en (ir-.

alpha mode)"
3960 PRINT "wth the plastic cais:E in irerse -,,i Io. nu ber_ b r c k o:.n i ,t ba Ck

round) and"

3970 PRINT "ea,' ,c cases in normal ,ide,o. Ccr.'ec'. as need 1 rd , g, n no co re

ctions is"

3988 PRINT "In dic a' ed by pres- i n'g COtT e.' u 1i,' no 4ntr''.
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3990 IF P=O THEN 4040
4000 DI SF "PR.'ES"S L -. : iT .!HEN P E4>Z;, FO--,P 4NOTHE Pf' ,E OF INti$T U CT ION'S"
4010 PRINT LIN(2
4020 P A$US E
4030 GOTO 4050
4 040 PRINT
40,50 PRINT The nie' t sec t onr cznc ems Ithe *her n. al I :cor.'n'a.c t '-e pat h- th a ar
e added "
4060 PRINT "to the :ircuit bor,. Bot, th, l;tcl ':.nducri tors ad, da, tahn e troia
I conduction"
4070 PRINT "paths or rai I; wl l trIIransfer he at be' t eer, regI or;. Wher, an'.', c -,n Jac
ion "
40eO PRINT 'rall= are present, the effcts o, 'e electrical leadOf lill , ,e,!l
gable and"
4090 PRINT "g.;nored. To aid r, ?e ,,,ode I it - e -d ct' : r al li It Is n c:4.s
s ary t o's
4100 PPINT "introduce r'e concept -f Cduc on P-th In ' 'CPU'. Eic h. .,hi 'h
rail ; is"
4110 PRIHT "mo-e led aL= : :,nt , ai ri ri an irteger rni ter CP . The .jidtr c',i a CPU
a definei "
4120 PRINT "to be .1 ,n 'while the user must def.ine th thickness (,,) and th,,nrra
I"

4130 PRINT ".:onductivit, ':Wat?; ,I-C, of th, .t.eri al that forms the condu.. *
:.r

ai ls."
4140 PRINT "The he rr,)al -ond3uc' i,.',ti.- ':t" sei! al',inur al Ions and -,:per are
present ed"

4150 PRINT "to aid the u- er. If ther- are n:, c:rr'.u: ' ,n r' als oreIS ' 'he e'e
trical I ead"
41 0 PRINT ",res-:rip ,, r i entere.:1 in h. mu h he saea ,' " ;ic . 'in.' ,
rage wi dth"
4170 PRINT ",.,n and the c,:nluct. iv t, 'WattI. -,. This tll1 dea,.'l t to 534 La,
t.s/M-C, the"
41 30 PRINT "' alue for Cof:per. This is the rot o: or mat eriatl t .:.r t race- Or c'r
cuit boards."
4190 IF P=O THEN 4Z40
4200 PRINT LIlI,"
4210 DI SP "PPESS COHT WHEN r'ERHDY" ;rF' qNOTHE ' P'AE IF I t: 'J 4T TI ON'"
4220 PAl SE
42S0 GOTO 4250
4240 PRINT
4250 PRINT " In the nex, section the numbers of leads or CPU's that cross 'he
interior"
42E0 PRINT "b:,undaries bet.en reg'on: are entered. TheJ di- splay ,,w i aI alternate
between"
4270 PR I NT "the graphic s and the alpha mode ,.i it h the f1 asI hi1'ng r ros:,-

- 
or C Ur nr ,

ving to the"
4280 PPINT "app-op iate location or the board 0, be .. ird.-. The qgr ap-h i c ,z s
remain On"
4290 PRINT "the scre-n for two seond= a',d th n r-c'urn t, the alpha m,ode f:- r an
input ine."
4300 PRINT "Itj w Ill ask .for the in t of the numb ,e r o .f a or CFU s between tw
o specific"
4310 PRINT "reicns; e if' the -o,-nduction rail is 6.T. nt e,. the'.e are 6 CPU
s in that"
4320 PRINT "pat h. ".pecial taunct ,n ke i 'IS'k) r,a, be used to dumirnp 'he ;rap -i
to the"
4330 PRINT "printer for a hard copy of the lra ,', ici picture. It , 1 m p,:rt an'
a&cC ount"
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4340 PRINT "for 'he le ad;. n) to t i es . the -Ircu'I board ,.,hin e' er Ing 'hl

number . "

4350 PRINT " P .e fore 'ol lou all entries iti' the CONT ie.. Pecau=e ofi the pt

ogram flo."
4360 PRINT "',, 'his section, the Back _up opt ion vk0) ,i 11 not +unc' Ion. Do not

attempt to"
4370 PFlT "ai e .:rcticns or return t, a , re, eci on ,int'l a¢er" all ert

rica have"
4390 PPINT ",e e r. a . A1 corr ections will be m.ade 'r t- n ' ext Sect I :,n.

4390 PPINT
4400 PRINT " In '.he thermal el.de1 used t ,e THEFrIELE: : 'it, a Ill he at I i t

ranfered
4410 PRINT " " co ol in ai, r e'eiS,. h:r cd te he?' t 'ranit rr.f e t he-

edge; of"

4420 PRINT "the icrcu,. t bo ard. F.:-r thi . rea--o-Dn, ,he -i-des .cC the r-egion a' The
edges 

"

4430 PRINT "'ll t~e I -beled wi th 3 to indiic that no lead; :r CPU'; cro-s tr-

bound-ar''.

4440 PRINT 'Whe:n thi; hea t loss fr om, the b.-, ard d'e , ar, ::.r'e:t,:,r Is aelcEC

the resul t;"

4450 PRINT ",.ii I I be cons.er,at Iy,,e. These a i 1 p' 'on; ar- be un ac cc p a le for cIt

cuit bo ard-;"
4460 PPIHT ",.:ed in irtllati o,; 'rre a sgrifrert a 1rn C ,:n of 'e a :.a t ea -hat

d i s' Ipate d"
4470 PRI NT "is c nduct-d aa, .' r,, the 'oar- ',h ,Ogh car t j:I e" r :n e,:tr:."

4480 PRINT

4490 P age n e..r.=,

4500 BI lrank ;,=E

4510 IF P=O T HEN G-.'-L: P aepr*
4 52:0 PRINIT " ,hein all reic ha-' Bee ;.2 :n ip' ie ' - r ee n L.il ret -urn':
the alpha"
4530 PRINT "ro.de anrd ask If an- orrect in:,r) are ne ed,. U.se- 'he spec I +'ur,: I

nh keys"
4540 PRINT "a- r.;uired 'o eiher return tc. -r aphi:z'E.lpha :.r proLAe i hatrd .!

y. Enter"

4550 PRINT "t e , r , f the :.o',ne: t ,. re. i E; r'. ' st ia 'ei. a nc r " ,.' l 's; or
the numbers'

4560 PRINT "of Ile ad; or CU-. s A efre , , : i T wit+h r,.c xntr. -.3 nais 'h a>
Of further"

4570 PRINT ",orrect ions. The ph>'sicrl ,escnit.:' of 'he :irc.uit toard 1s ?,:.

Omp I ete. "
45$0 PRINT "All that rema ias i-s to spe if ither the compone.'nt p-, er I.i s'0,a

tts) or the"

4590 PRINT " j.nc.t ion t enper at ureL for e a.:h p n ,. Ont

4600 PRINT

4610 PRINT " W hen t.he ,,ai..: mus, jun: i orn t e rpe' a' ures fo r the c oi; or: re n a rc sp

ec Ci ed,
4620 PRINT "the maimm shtead. , M' S ?,. ate A'.r le, ahot i1' result in that teper

ature is"
4630 PRINT "c al:ul ated for ea.:h cotponent. he'. Ith J -tej ad', state poe r cf eac-h
component"
4640 PRINT "is s_-'pec ified, the 2tzad'' state iunc'-ion tenpe r'tures are calcula'ed.

4650 PRINT "In i. ther su r t i: it is also nteostar' to .et e.cr;f'v' the ,:ase 'o .la-M',.:

t i on"
4660 PRINT "t herm al re-s.istance 'I: (Deg C*.) Ia t The thermal model se t 'e C S
mponent"

4670 PRINT "surf ace te:mpe-ature- f.:r heat tr ,r cal :. a' i- ;a r, 
0
j,. pr11': Se

a the I ink"

88



AIJTO'ST .. DRIVER FOP THE''IELE'%

4E80 PRINT "bet,'deen 'he .cn n ' p'-.&',.r , ,.r,c' k: . t i:. rr .re aid 'he aur ' act 'a

mper at -ire . "
4-'.?0 PRINT "If" R j c I , -p e c i t d as zi ro ,0" threnr t', he c i ziri ac e i:n,p r a I.ur- ' l

Ill be"
4700 PRINT "e'.al ') the jic io, t.mper,ure."
4710 PRINT
4720 PRINT ',fter all Ccriporent powier le .1 ¢.," J' ,.' :' thea terat ,r ; ha '
ten set , "
4730 PRINT " -he ':ompl 'te lIst is dispia ed In 'fe aloha r,.,de t., al Io,. che, t:', a
nd"
4740 PRINT change. Cor,e: i - are i-e -' , d t , ri g 'e -nc.rr' re.' or
number then"
4750 PRINT "er terin1g the :orre: 't .,a,.4,'a in re.c'cnc- to 'he ,.4 e-t :r a e,.
es i re, "
4760 PRINT " hard :p,- of al I data 9,cr the ciru. 1? t:'Q. r- ,I,,ll te pr, u' ed c':.,
the pr int er."
4770 PRINT
4780 PRINT The next. -,:E ti,on al lo.w;a re.:c'.-din' :f the - :, t t ': ar .-'. :r '.,' 1
vt dat a
4790 PRINT "on to a ma-_- at ',ra;e redi a. Thi a sthould e Tchqe . Th e,: .r',c de a' a

file mlay be"
4800 PRINT "accessed a t, some l ate r t ine e it her 'n B.! '. _.it-, nd :hrFr:.:
es or"
4810 PRINT "directly in TREHML to pert":r' 'he trermal at ,. PimP' :? .0 rF
cre'ate the

4820 PRINT "the ne,:esar' data file to re:,ord the *iescr-i .,i:n .,.t I ia, a , ta I
of' 

"

4830 PRINHT --f iic l cnt s i ei t , it ts' b .e 'nZe ,.c. P11 :. d a , ' r ' ,t Ale

4840 F INT "be permaner'i .A 1 cl a.t.. Infcr'n,at Ion concern ing' t-e min1i ,.m dat , 'l
ize i "
4850 PRINT pe-ented b the pr'';rs o he .i, in this dect-ion.
4860 PRINT
4370 PRINT " u I u t Inr, er ror tr,aps t hr.:,,.gr :u the en!', t - E' TEuE7 ' tell 1
Same the

4880 PRINT ",. -,er from los 02 pre'' ,I:us in put; ir, c as e :, err :.r. r tfc: r',at ;r, .r .
Out the"
4S90 PR INT "err,.or I- prelsented and ,ur ind the. error meae uE Sc o 'h, r, ic, ,

slide outs"
4900 PRINT "be l,:,, the screen, the user ma, be ab e to n .a, r-re, t i n-. Nher: re
ady, as "
4910 PRIIT "i.r, aled by COHT keyV, progrm- ni 1' returna to a pre',io.- po in' arid
operation"

4920 PRINT "re s--umes. The dat a r eccrd in'; ection '.her f i f, naIn s arc en' erE d
part icul at, "
4930 PRINT "pr one ro -p .I.1in; error; or- ent ,I tinc:,, r, c n,c r 1c- a t:r age .,rt t 1-..
c i fiers. "
4940 PR INT "Be careful but renet,,ber th -,lst e ni ,, 1 1 at. t :pt to c atch Tho; iE n . t

able errors"
4950 PRINT "and act or them, before they be,ome f atal.
4960 PRINT
4970 PRINT " The end of a cyclI through BOAPD1 i- n'. crpletc. As 'he pFlag
he ad i ng'

4950 PRINT "tnat n l,,1I appear ataia , WHAT NOW '. Mre '"cri, ',ith !'.AP'? is l 's:-
sible. The"
4990 PRINT "u' er ,a,) eith.r irput another- cIrt-,u ' b., .ri de cr 1 *t1 on i' : 'e, *he I -
board and"
5000 FPINT "record that to rmass - c ,:,rag; or. r , retriev'e a, differen, ctrcu'
bo ar d"
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5010 PRINT "d. ..:rrp, ,,e dat a .e t fr,. .i as s tora,;e f,:,r : i: ing ard:, orrec ,ns

50 0 PRIN "rc thr :.ption i v -, per form t he ihern,l anaI ; of ti circu it a,

r d us ing"
5030 PRINT the th:r . progr am i n the THERMlELE:' St e m, THE Rt!.

5040 PRINT

5050 Pa,- enn, -=4

5060 BI ka=6

5070 IF P=0 THEN ,' ,.E P ,g prt
5090 PR INT BePcc ac an e -p Iar: a icr :tf the- -ro , > r, THEP'L . sorme a r!
anat ion of"
5090 PRINT "the Zse j E RF PI' edi it pr-E'i.' recorde-d d ata f il-- is 'n orC
er. Th s "

51I30 PRI NT 'cL: a- -E acc:iE eS th ro.;h i'r se otf A T5$T as p I ame :rn4
c f irsT age"

5110 PRINT ",,, the '- i nzt r t i :,n- -,r th E $ORPUD. pr-cr am , ai: r:? 1, nt ,-.

d into the"

5120 PRINT "conpr-, ,c, l to ,p,,, a,,,ir,, LIA D ";CHF I B4 : tBRP' :T ., .
4); " t hen F rEz E.:ECUTE

5130 PRINT
5 140 PRI NT "Of course:- '.r apFr :,ri i~er-s t rg at:i cr sr-oul t--S be used Oh
here arC"

5 150 PP I NT "unr,-e r er ir n h-e f ilei far r. in''s yrE''i o t.4 ecrd ii a a fie.
e4 the "

5160 PRINT "OpI a' ii.; irS Fv:.ran. 1g nj lan'. l ,-,r 
t
he 9i4! " the , -abc- ' i s " n,:

tar. 
'

5170 PRINT

51,0 PRINT " Fc.irrc The ,p.' of the fle nauie rhat ::'ain- "he .e-',::,i
a dat a,

5190 PRINT ',e data e' 'ji11 te read ard alI the '.arabe: t are n ,r-a.,

at from"
5200 PRINT "the k 1'.c.r.a i, l I, f iri . The circuit t- rll e -a,.,r r

e Screepl"
5210 PRINT "in . riphics ",ode and :hange i c te. a spe,' : i , c, .c r,ts t z Tr,ia,! - :'

t he reg i ons "
5 20 PRINT r,,a'., be r, , . H le- r it is n.,t posila -e i hn ce r ra 't e" r i re

glona in"
5230. PRINT 'any Tah. Ths ma.,,or r -Eisron o" t' -E b.,rdl is, b

. 
do,.ne as a re" t : a

rd input."
5240 PRINT Corr ecti Dn to :a.se -tyIes is n e<t and thEn t he nu.mbers - of eead or

PU's
5250 PRINT bet.wee.n r ,cns wi11 . labele d or, t the ,r a :hc pI,:'.e or te q,:

rcuit board"

5260 PRINT "Changes .,i11 e all1o-,ed to the ntibmer= but ot no hi ph5 ,lsi :'. s iI
the I e ads "

5270 PRINT "or CPU s; this ials:, re.ire a-- a b,.: tr in p'- '. A lIst of p., 1

ve Is,
52q0 PRINT "junc r ion termperat.r and :ase to j .;nct',:n ther'maI res isit an': i priE
ser t ed"
5290 PRINT "for c hek ing and c,:o,,rEctions as rq-'4tr e. This Edsitmed, ds-sZrc ipt i a d

at a Set may"
5300 PRINT "the.n be recorded eit, he r back to t he sare d at a f l I e or t o a ne's €I 

t
.

5310 PRINT
532 PPINT " There are t o deostr at ion it. a i I j e- inc ! 'ledI in the THEFilELE

5330 PRINT "DE.'IO-T cor ainl a typical circuit board ds:ip,'in n ee. 1'c Jit

nmiae the"

(13)
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AUTOST . . z'.'i F'-F THE fMELE:.

53'40 PR I NT ei eady s tat e j urnc I on ' E rip4 rat ure e c o inpc.nre n't p)O'J r 1e vi4 I s are vre
C if ed)."

5"350 PRINT "DE1iC-r c-nt am a :liff rernt circut board for 'Pich ,,a- iruim p c r
1mutla are "

5360 PRINT " e teirn.inred in p'th e th e rmalI anal m-=s. Thc ue *:f e it h er of th e se czr,
be nelpI'ul "
5370 PRINT "t:, fn i tr iz t e urer w. i'h boh ' FDT anS 'ah.e I ai prT. r am In

he THEPELE2;"
530 PRINT "sa= tem, THEPHL."
5390 PRINT
5400 PRINT ' THE%!IIL Cre ate t he m a' hena' a, ,i node! , perfoti; the anal I i-- ,f

the circuit"
5410 PRINT "b.:'.a, ard produ ,cjes the o t ,.pt, . The ,ari ab.4l=;.- : in '.e 'herma l r,,

del are set'
5420 PRINT "uIiNg e ithe.r a ta f Ie fro nc;_- ztor,'; or they are pa --e ;" a

ormotn block"

5430 PPINT "h.' TwE;IL 1 .eaded from .3-5F!:. There are r.o corret ion, ;:p

rtunit ies
5440 PRINT 'f,r t h e circ' t c oa I , ' at - pt "- i able;

= 
'I' , 'i s pr ,ri.

5450 PRINT
5460 PRIHT " S mun ,ng t hat, THEPRML ha-" en load d t c.ae " LIh at" Pic,, .:pt I :r,

liSt in "

5478 PRINT "'!C D', th . Fi rs t input t.s the inle.t t..,per aT .4rede- C :, t he

I ing a ir. "

5480 PRINT "Aiter 'hi-- is entered and prnted on the s:,.-en, the ,,l.tri, a'r
f 1 Owa

5498 PRINT "ra'e * 3i/"2e
"

c is r.que-t-ci. zince 'he ait:,e se* Of ge,-al purr,-e

Spec i a! "

5500 PRINT "tn t, on i a, r: e ' 'ali'i ,r, h:: rror a,, 'he E. .-de ,er a.. h:'u.

remain and"
5510 PRINT " I :B.ac1-up ''-a e ._,d to returr) t., a p:re'i '.. ;!u '.r he n r: '

errors are"
520j PRINt; " . Te n; I' input, is the s c'';b'u~ e* 4' ' ri :
rack iourt a. "
55 30 PR INT 'Th p a.: , n; and the hear I 'ght dct. e. r- r, e t e :e ' he ' , r. a -

ary,. air duct"
5540 PRIT "co P) a i n ng the : i rcui. t board. Wh, n coh tn, r .e i

t
- t h ar,-.4nt t a'

flow f or"

5550 PP INT "E a t'" cIruIt o rc th h e air elc ,it' and her tr ans.'er c.rr.la',ot's ao

re"
5560 PR IT '.determined. Since all the po,er dissi-1pat ed on 'he Circu't bat',B rd,..

t be"

5570 PR I NT "re no.ed b-,, thE air 1., It S I il r.o'- t ant fc r ' , n; et'- a .e t e a

rec i se"
55 0 PRINT "a- o, .sibl.. Refter the thermal an.a si is c:r,rIetec, there ,i 11 be

opp:,rt unite-:"

5590 FPINT " a I al';t -e-c Imp.crt ar t aLir fll:I p at aimte rI andj e a, irtn 'h t, e e',

on the"
5600 PR I NT " ut' pt

510 PR IT
5620 P a c-a .,un.
56 3 B Iark s=6

5640 IF P=0 THE'i :1.JB F' -a:prt
565,IS0 PRIIT " -Lf or e tne anat l beginl. th oerec ri'eri a 'tb
* The"

5660 PRINT "anal-ysis ctito asui';a solu tion th ,en ee'"' a A s 0' rt
t &re owL"

5670 PPI NT "e .4at Ion: 'one for ia:h re, on) ',hi h are oled for P'hr the roei,.,

r

(14
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AUTOST . P EQ F:iP THEF'IIELE.

5680 PPINT "or t ,he j'i ,'t ion te),I:peratire.. 'hi r u I't a,- e cc iareJ to 'he pr

ous resulIts "
5690 PRINT ", the a'a,.ed "al,e" frhe e firs' i'' era' on and if the I arget t"

Ference"
5700 PRINT "teteier, the e .alu-: ii, less than a n-imun -. t b' the ser. the rc_

ults are"

5710 PRINT "presented! in ifr'h; -. It 'he : r'e-',erce :,''t ria is not nE' , the

results"

5720 PRINT "are prin'e-s to the -crer, in Ilph .,ode ar aKer itteri i on i_ ern

t r ed. "
5730 PRINT "Th-e :lo-er . zero c, o i s 4 1s t he co:-,r,, 'erern.e :.r'.rI a". the lc, ;er ' h

proc e s s"

5740 PPINT "t akes.. fe'ault ,,aluea for the cor,ereece n. e' -.-ria are .5 fle; :r .. e

I% change in"

575a PRINT " t-=,er. These t,pic5l)!,. r quitre-2 'o 7 it r a -i :
r ,  

-' :e ti-ne, arc s

et. Each"
S760 PPIN i" t t er at ' i. n t a. . -: f 2. '713 t tcr' Ce 35.C . '. ' .e

regions."

577-0 PRINT "As 'he polutton hre Al.:eer hehe irtertedr
rh -

?-ii a res. .4'

to 0 wat c In "
5780 PP INT 'n he pr,';rs-.

5790 PRINT

580 PPINT " The final re:ult- are jrtier ,rr a pn,-:'.Are o-F ' cr.',T ocar

d with"

5810 PRINT "e,:h re i,:n cont ai r,: n , I : r 'r, e r, t ,'p. j jur': or ?,,rr a rt ' r .ce

eve l and"

5820 PRPIT "case , ,era'',re-. E ';'T' re' r, n'' air, Cr A '15 tEteri .r5 at r.e

C I rC u i t
5830 PRINT 'b oar . Th :,: .,n ,t' ,n 'errs " ' h, , 5'. :h:" i';5 Ia: '.

Se poser"

5840 PRINT "Iel wit'r' in ; cf 'he f.ri+r1,.4r,. at - star-re f r cis ' :

aEt O -. be I-55 ,DT& s.
T hni ;rapiiS on', put isa..' dna I a.'' ' 'LI Ih n i. zr

5860 PRINT "that a hard cp,",'e re-%,. a e ..
5870 PRINT

5890 PRINT " Thi - coiq'et. a pc t QI t-r:,..:h THER'"L . ig i'" - ue-"':.r

a What No,,. "

5890 PRINT OFF'S", i-a" re '.etur-ed ', :,ore, o make : n ane th- c.' tca

rd or"
5908 PRINT "to enter a re,, circuit boar'd. Another n 'ai' , tne -are circ'it

board"

5910 PRINT "rna,, be done .3ith a re,., set of air f io' par anters O.r, a inC's crc' i

c ard "
5920 PRINT "dHsrip:ti-,e ,datas c, r,,a, be re ad In fcr,o, fa_ :''a', ''I'h THEI;'L.

5930 PRINT

5940 PRINT " An ad'i' t ior".ai opt ion iS e-s -it: i')'t'' ara,' -i
-
.1's c1f Ie

mun.

5950 PRINT "Tj ,'',,:, . Air FI:,., FP te Cr the n.ini rnu m Pos,.e r A i r Flo, Fate m , -.

e produced. "
5960 PRINT "A na-im.rm air flo,' rate is -pec-ified and f1,- .zpri-'e axaI' , -= 's
per tforrlied

"j

5970 FPINT "and the re-ultsi plotte d ar ,d d ir,pe, i t: e F:, i ,'er. The na , ,r.. a,1
f I ,ew r at i"

5980 PRINT " p: 'e f i ,u I t. in I t e . t-t e muI t Ip e cf ft '' 'o ffnate or be' C
ooking &,e-.
5990 PRINT "I' is ai.',I oss i b I ,c. produc hr. :p,s : 'h e prt'tn'I rednlts cr

each of the"
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F UTO'-.T . DR]'EF FOP THEF'IELE:'

6000 PRINT "air flo,4 rate_. Upon complt i ,c, o, this e i t i i t,, -aal'. , pr:
ami flIo w"
6010 PPINT 'return; to the opt ion I it pi. ;,,.-s, *lisc,;,. d.

60L0 PRINT
60-0 PRINT ' Terim i na -r : -hoa4 J i ." j e d,-- 1.1 r . c:' trol q''z f-c a ; ?

Opt i on."
6, 040 PRINT "This will in_.tr it ' the st a rodar e i n i-ir$ s re ret .rn e j a -,
that the"
6050 PRINT "prc',-, e r .,rap ,:I '-r a t, ,,Eter5 are -. -,r the ne n e er C? tKC cf pt e r

6060 PRIHT LIW > ,, TF; :,2- G "GOOD L* ,! CK

6070 P ag e nurn 6
6030 BnI an-==
60'.90 IF F'=0 Tr:i t;I'D Pa.: prt
6100 PRINTER P l6
6110 RETURN
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5 Bo... T , : ur , , - E ;.,: : f - ....
10 1

1 5 - -T H E ' E L E

25 A SYSTEM OF FRCF, F:; HE F

30

35 TO PERFORti TmE':Au '<, FL I ,T ;LzT '?I, - .- [. T :

45 0
50 *
55 It *

6 * PPEF APED cT THE IA!AL C!i:TG qc':FiE :: L M.?TEP E :
65 * *
70 * P. A. FODLT L U: I -. J
75 *

8-5 -- - - -- -- - - - - - - - -- - - - - - - - - -

90
95 OPTIOH AI4E 1
100 PRINTER I It.
105 CON M p , w r$e.CPa'l4I * c,h, -.. , :f 1 c s T--' ',' a,.A '
110 CON .H,-T -. . , 7 . P , ' O . : 5.

1 1 5 C O t ! I r I T E E R , . , , ,O 4 , , rrI, r r r i t . g

120 SHORT LIE (5 ,
125 INTECEF' 0rr
130 DIl Sl t . ] -S$ -' f.1
13! IF Map:0 TlEh " Ir
140 St art -: : " 1. ..,_ :crr" P:t , pI p

14! Ii. '. ' "'an
150 F RU 1E

155 Starte" ' r,' . 1 r r
I 0 ;. art TI HE z L t '44/3; L " C S I FOF E ECT% T : 1: , ';-FZ
165 ON EFrC,: ,]Ty jf t4
17 0 GC) I., " Bap
175 FPINT " Ti : prh ' t 1: 3 '14 y- "r : r .. . - :.' :a a ,
elec t ror1

i 0 P R .N T " .- ' , air a , " .1 r 'f r a t i' .. ] a n a .. ' _ * . r;.1':, ''" ' " i
t e a d,/ st t E"
165 PRINT " qz., -r a,' 'r * ' .o" ,:r,.4fl1 1 f' .;. 1-.'. 1 3 ' ' n:t" ," r ' ::

onent po.,er"
1903 PPRINT " 1*4 e '-I-!ha' *I I r e'. :utInr th Et~j a, a. A .ra 'j' a ::
the user. "
195 PPINT "The d.s,:rip, i:r ca.) tcni ',c , a ,a-a t'1- c, i'', :.- c A a, ' ' -
prog;r at, '

20 0 PRINT "c" ,r - n t r E . a t rw- t 1n.
205 Hfl :S=" N"
210 INPUT "DO 'O U DESIRE TO RETFIE E A FPE'.I" SL TOFE: : ,E I PT :'

Anst
215 IF r, f$="E:FiFW UF" THEN 1-Q
2 2 0 IF ( U PI':' I r ir, - i5 1 I 3 ", O c u l . '$ ,- : ] ,' ' T HEI t:c
225 GO'SU 1i: Err in
230 GOTO ', tart
235 IF UPC (£'Sr£ I =("14' THENI I ,I 1::

240 GOTO 01 pi ct
245 Oldpict U E: rr.:.
25 0Oldp : : THI" .ECTII JY ET; E E 1 ,r0 -1 DEL :Z ':> :T A "'E:.-
ICE
255 ON EROR -CO t;TO 0lip.:,-
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260 0iT: EtP I

sc C$*.,1 1  V. D EE 'tT!OIJ ., - T-; P iR E :E 'ICE

2 7 C j' G ,-' 02
275 PF'IF4T r.a 'M -: ll, tF7i t.f: -CE ,rl r!: f.)L, H

3 3- 144!1 bt
o r ed b y 

- I Z '

20 PQINT 'tr, - c rI.' Ent-Er tr.? ,at j 14 rae talc' :4 iJra c: - '4

5 P" " h Ta'. F r4 a1 .e; 714. 1 :_ :

290 EDIT E :E E:; -HE'
) "4 li1r,-:

295 IF ia.,41-'EA 
:

F
'
' TrEt A I,.

3;j0 IF 1jH r5, S L L E .
4

k' :
30$ A'-LI :Hi =.T. : 5.
310 U ,

ol
320 FC Q =:
325 'E4ZD n .; " I *, :., 7.I ,T *- ', ' 'I :, . ':'

330 FC 1 : T'O 4

335 FEA 5 .''

340 NE.:T T

345 HE. T I
350 'o ldpic . : ' E. :.: da:
355 CPRiF 1i C

360 FOR I = 1 t ..
365 IF I=1 THEt4 ":'5
370 IF I' 4'r TEH iP

375 IF It o) : 4 , : - r" E=: - .-

385 IF I ?'F,,t 1 -:3 THE' .I ':; "i E. .

390 IF I p? I,:Q1 -En : .3

* 8,0,p43, . ':,, 4' , -i, = -t * -, . .. t. A.L0,= a'

400 E:'T I
405 COSUB Rd a"

410 IF i.ns S rT.' " THEn -F> :

41.5 GCrij-.U :_ '-3 "

42o IF Ar.1$:$=-it ' TEr 435

4 Z ", ':"'.1 ; U L :

4 3 0 IF Mi, n £-S= ' - ''P TE l 4:5

435 Cu LIEB L a,!-- .:-

440 IF FHfl$= 'E 'F" THEN 425

445 GOU . T-4 p

450 IF Ar--:"BLCM _Ur' THEN 47$
455 G0'=. U B 3 t :,w

460J I F Frat IF P -' THE~, 44

465 G31EB W,. 'a:

470 IF Fl=' S '. Fr. ThE: 45t

475 G'T 0 .Ct. C ' ,:,

4 S.0 P dF, .:te G,, F E.',',

485 ,, E'ipc' ' Th. "'T I V- T-E ti-FMiL E:+. ' F 2 F : F '-E

490 0tI E F'' C - T C, : E pr

495 01lda0
500 C.I= " 7,'.C IPIU : ,::;'. T 7 :,C DE I- T:

505 ,1' D: P , fl.a -F,2

510 FFIHT " Ti ,:,., ' a V a t ::, :, t 2 . 2 2. 2'= 'h a t "
or'- 

Cr"

a') ii a.'l1"
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BOARDS DATR INPUT FOR THEFNELE::

520 PRINT "with one component,'region. The circuit board ii then present.ed on th

5.5 PRINT "CRT either normal zize or scaled up or down tv some integer if" larger

or smaller"
530 PRINT "than 120mm,, by 170mm. The spec ific components are selected with the us

er keys"

535 PRINT "in the upper right corner of the ke.,board. If you do not have a key
code "
540 PRINT "overlay for the keys the programs will provide one for ,ou. Informati,

on to be"
545 PRINT "used in the thermal analysis routine is entered in this section of th

e program."
550 PRINT "You will have the option of recording the board description onto mass

storage."
555 PRINT
560 PRINT "Conductivity,, of the board will default to .2942 Watt.s,-degK with no

entry."
565 PRINT LIN(1',"NOTE : LENGTH IS DEFINED TO BE IN THE DIRECTION OF AIR FLOW

570 MAT It-.pe-ZER
575 Ans~s"NULL"
580 INPUT "WHAT IS THE LENGTH OF THE BOARD IN MILLIMETERS".Anss

585 IF AnsS='BRCK UP' THEN Start
590 IF AnsSs"NULL", THEN 575
595 Bdl ABS(VAL(AnsS)
600 PRINT LINITAB' 10)."LENGTH =";Bdl;" n m
605 Scalex=INT(Ddl 171)+1
610 IF Bdl<171,2 THEN Scalex=.5
615 AnsSs"NULL"
620 INPUT "WHAT !S THE HEIGHT OF THE BOARD IN MILLIMETEPS",Ar,$

625 IF Ans$"BACY. UP" THEN Bdpic.
636 IF Ans$"NULL" THEN 615
635 Bdh=ABS(VAL r-h*
640 PRINT LIN,'1.,TB 101,"HEIGHT =";Bh;" mm"
645 Scalev=INT(Bd-h.121V)I1
650 IF idh<121-2 THEN Scaley-. 5
655 ScS=CRXIcalv'¢cal.. I 'CALE FACTOR TO FILL CPT DISPLAY
666 IF Sca=1 THEN 630
665 IF Sca<1 THEN PRINT LIN(2),"*e*HOTE***4 DUE TO SHRLL SUZE OF THE BOA

RD CRT DISPLAY WILL BE 2X SIZE"
670 IF Sa. ' THEN PRINT LIN<2f,"***4NOTEa**' DUE TO LA'.CE ;IZE OF THE BOA
RD CRT DISPLAY WILL BE I -;Sca;"SIZE"

675 Ans$s"NULL"
686 INPUT "WHAT IS THE NUMBER OF DIVISIONS 'REGIONS) IN THE HORIZONTAL DIPECTIO
N", Ani$
685 IF Ans$="BACK UP" THEN 615
690 IF Ans5="NULLr THEN 675
695 NxrsABS(VAL(AnS*)

786 PRINT LIN(JTABl,"* Xreg =";Nxr
705 Anses"NULL"
716 INPUT "WHAT IS THE NUMBER OF DIVISIONS (F'EGIONS: IN THE VEPTICAL DIRECTION"

,AnsS
715 IF Ans$-"BAC UP" THEN 675

726 IF RAns="NULL"
T 
THEN 705

725 NyrsABS(VAL(Ans. )
730 PRINT LIN(1),TAB(10.,"# Yreg a";Nvr
735 NregNxr*Nyr I Nreg = NUMBER OF REGIONS
740 IF Nreg<51 THEN 770

(3)
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BOARDS DATA INPUT FOPF THERNELE''

745 DEER
756 PRINT PAGE,LIN(ISUSPA(3O),"-TOO MANY REGIONS"
755 WAIT 1000
766 GOSUB Errin
7615 GOTO Bdpi':'
770 Ans~a"NULL"
775 INPUT "WHAT IS THE THIC[,NESS CF THE BOR. iai' Ar';
786 IF AnsSu" BACK UP" THEN 705
795 IF Anst-"NULL" THEN 770
790 Thick bSABSCVAL(A 'ns$))
795 PRINT LIN(1),TAB-tIO)."Thlck =";Thuck b;' mm"
886 AnsSm".2942."
865 EDIT 'WHAT IS THE THERMAIFL CONDUCTIVITY OF THE BOARD? (UATTS.,M - 1i' K",AnaS
810 IF Ansta"EACK UP" T H EN 7t
915 Kb*ABS(VAL(Anss')
826 PRINT LIl6C1)TARkIO.'.'Cond B m";Kb
825 EDIT "INPUT A SHORT '.KS HRACTERS) W05D !iESCRI..PTjIONt OF THE CIRCUIT BOARD
HERE ",Pict~blS
930 IF PictlSa"BACK UP" THEN :500Ok
835 IF LEN<Pictlb1*' ,5l THEN 350
840 GOSUD Err in
845 GOTO 825
850 GOSUD Board pict
855 GOS1UL r-aphkeK'
860 IF Ans$-"BACI( UP" THEM1 Bdpic:t
865 GOSUR Ed-chi
876 IF Anss-"BACV. UP" THEN4 856
875 GOSUD Case up.4
880 IF Ansta" BACK UP" THEN 86F,
85 GOSUR Leads
890 IF AnsS-"BACK UP" THEN S75
895 GOTO 435ENOFBpc
900 Board pictC: GOSUB Error ENOFapc
905 Board pict: !THIS iECTION PLACES A BLANK BORD OH TMiE SCREEN
916 ON ERROR rOTO Bo.ard pic'e
915 PLOTTER IS "GRAPHICS"
920 GRAPHICS
925 MSCALE 0,10
530 CSIZE 3
935 LORG 5
940 MOVE 26,130
945 LABEL I"--- air flow--
950 Bdhsldh/Sca
955 Bdlmdl'Sca
966 LORG 6
965 LDIR PI'2
970 MOVE 175,70
975 IF Sca)I THEN LABEL "THIS PICTURE IS "VAtSa"SIZE"
986 IF ScafI THEN LABEL "THIS PICTURE IS 2X~ SIZE"
985 LORG 5
990 LDIR S
995 MOVE 92-LEN(Pictlblf'-2.135
108 LABEL USING "K";PictlblS
1005 MOVE 6,6
1018 DRAW 6,Bdh
1615 DRAW BdI,Bd,
1026 DRAW Bdl,0
1025 DRAW 0,0
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BOARDS .DTA INPUT FOR THERMELE:.:

1030 LiNE TYPE 3
1035 LruBdl N r I LR - LENGTH OF EACH PEGIr4t4
1040 HrmBdh- Hr I HP a HEIGHT OF EiCH PEG;ION

1045 FOR 1-1 TO Ni.r-1
1650 MOVE I*Lr.0
1055 DRAW I*LrIdh
1060 NEXT 1

1065 FOR lo1 TO Nvr-1
1070 MOVE O,I*Hr
1075 DRAW Edl,I*He
10 0 NEXT I
1085 LINE TYPE I
1090 LORG 5
1695 Nr-O
1100 FOR Jatlir TO I STEP -1
1105 FOR lot TO N',r
1110 Nr=Nr*1
1115 X(Nr;=Lr , I-!- Lr+-
1120 '(Nr a(7-1 ,Hr+, IHr' ,
1125 MOVE "(Nr),',iP ,
1136 LABEL USING ','FLl,.,
1135 NE<T I
1140 NEXT J
1145 Bdh=Bdh*Sc&
1150 Bdl-Bdl*$S.
1155 WAIT 1500
1160 EXIT GRAPHICS
1165 RETURN
1179 Graphkyet: GOSU Error
1175 Graphke,: I HERE IS :1USBOUTIr4E TO ALLOW IHP:JT OF PQAPD :ECPIPT:ON F OM 1,E','S

DRTA INPUT
1180 ON ERROR GOTO Graphk.e
1185 Anss="Y"
1190 SS="KEY CODE OVERLAY"
1195 GOSUB Pageheaid
1260 PRINT " This section a11,.,s tne co.,ponens to be daifined &n, drawn on ,4
screen"
1205 PRINT "uuignh; th4 kes in he "ppi, r , gh, *:,rr ,f t h 4,Oar. The pr.,'i
ous key"
1210 PRINT "d ffinit. ons li are no, ,5lid while enterir, the ,:mpon ntz t. ..)1i l
be"

1215 PRINT " ,..ring later portions of thii progra.. As the flashing :ursr moe-
to each"

1220 PRINT "region in nunerical order presi. the corespondr.; k,, and wait for th
v cursor to"
1225 PRINT " a pear at,. the n t r ,gion. All rei;ons mus, be dtf ne ,1 ,en if ,wit .
kGo>EMPTY.

"

1230 PRINT
1235 PRINT " NOTE: ,11- 1,14 rtter to chip c:arrers Or il*at ,ac A."
1240 PRINT
1245 PRINT " If you do n,:,T ha e a plas'ti, k1,q :,>i€ Cerl, aI ll II di1 it) ,H pa.,
07120-61,4--, I will make a paper .nDe for ,,ou."
1250 AnJit"N"
1255 INPUT "DO YOU N4EED A PAPER :'VERLAY (N or ' ",Anj

1260 IF AnslI"EAC. UP" THEt PETUI
1265 IF UPr.CAniCIT,]N- N" THEN 1220
1270 PRINTER IS 6

1275 PRINT SPA(10.,"TEAR OFF FF ,.'OMP:,NE1T DEFFINITION iE. CODE OVEFLA,',LN-' .
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BOARDS .. DATA INPUT FOR THERMELEX.:

12$0 PRINT "EPTY NOPIZ' VEPT HORIZ IVERT6 I HORI2 VERT
1285 PRINT (ko.' DIP14 DIP14 DIPIE DIPI6j124 DIP 4 PLACE A
BOVE KEYS"
1290 PRINT "TEAR HERE -------------------------------------------- THEN PRESS CON

T _ .

1295 PRINT LIN(I)
1300 PAUSE
1305 PRINT "j (k8) HOR Z VERT I FLAT I FLAT I FLAT I FLAT j PLACE
BELOW KEYS "
1310 PRINT j DIP40 DIP4 1 16 PIN 124 PIN I 40 PIN I 64 PIN "
1315 PRINT LIN(4)
1320 PRINTER IS 161
1325 1 NOTE THAT THE KEY# IS THE CODE FOR TYPE OF ELEMENT STORED IN I ,p.I)
1330 ON KEY #0 GOTO Emp,.rt
1335 ON KEY #1 COTO Hdpl4
1340 ON KEY #2 GOTO Y'dipl4
1345 ON KEY #3 COTO Hdip16
1350 ON KEY #4 GOTO Vd'ip16
1355 ON KEY #5 GOTO Hldip24
1360 ON KEY *, COTO Vdip24
1365 ON KEY #7 GOTO 1435
1370 ON KEY #S GOTO 1435
1375 ON KEY #9 GOTO Hdlip40
1380 ON KEY *10 GOTO Vdip40
1385 ON KEY #11 GOTO Fl.&t16
1390 ON KEY #12 GOTO F1,t24
1395 ON KEY #13 GOTO Fl.tt4O
1480 ON KEY #14 GOTO Flat64
1405 IF Old=PI THEN RETURN
1410 GRAPHICS
1415 FOR 1=1 TO Nreg

1420 IF Itype(I')-I THEN tletr
1425 Loop: MOVE X(I.),Y(I)
1438 POINTER X(I),Y(I,2
1435 I THIS IS AN ENDLESS LOOP TO ALLOW FOR ULSE OF THE PRIORITY INTTERUPT KEYS

1440 GOTO Loop
1445 Ne:<tr: IF Regcha< v THEN RETURN
1450 IF I<>Nreg THEN 1475
1455 IF Olde<PI THEN WAIT 100*Nreqr1.5
1460 POINTER 0,0,2
1465 EXIT GRAPHICS
1478 RETURN
1475 NET I
1488 Empt,:GOSUB Erasenum
1485 Itype(I)=Npin(I) We( I ;Le( I )O
1490 GOTO Nextr
1495 Hdtpl4:GOSJB Erasen.um
1500 Npin()=14

1505 IF Itype(I)=2 THEN L.IR PI.2
1510 LABEL USING "K":"DIP14"
1515 We(l)mWes.25*25.4 ACTUAL WIDTH IN nm
1520 Le(I)*Le.725*25.4 A ACTUAL LENGTH IN hm
1525 IF (Itvpe'l)u1' OR (Itp 4 (I)m0) THEN 1545
1530 Temp ,dJtmsWe(I) i HERE LENGTH AND WIDTH TPrAISPC,:ED SUCH THAT LENGTH
1535 We('.aIWeaLe'c.I I IS DEFINED TO BE IN THE :;,ECTION OF AIR-FLOW

1540 Le(I)mLcsTcmp_dm
1545 IF Itype(IaO THEN ItpeCI)ul
1558 Drawdip:i THIS SECTION WILL DRAW ALL THE DIP FIGURES ON THE CPT IF Npin:2S

(9)
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BOARDS .. DATA INPUT FOR. THEPMELE:

1555 Le.Le'Sc a
1560 WemWe-Scsa
1565 MOVE X( I)-Le ., I -Ile 2
1570 DRAW XI1. -Leo 2 -Y +WE
1575 DRAW X( I''+Lt. .Y' Ifl~e. 2
15'30 DRAW 1t1'I.)L* 2.c1.:I'-W4,2
15:35 DRAW X (I.,-Le.w2,-t(I )-We 2
15'?0 LDIR 0
1595 GOTO He~tr End of Draw diip
1600 Vdip14:I'%pe'kI)u2
1605 GOTO HdtpA4
1610 HdipI61GOSUB Eriienuu
1615 Hpin(I)=16
1620 IF It'.p(1)s4 THEN LDIP P1.Z
1625 LABEL USING "K";'DIP16"
1630 We(I)-We.2:5-25.4 I WIflTH INl rum.
1635 L.(IscLe=.:325.2!.4 ILENGTH IN rm
1640 IF Ityptt'tP 4 THENiteI
1645 IF Itype.I'..4 THEN Drawdip
1650 Temp dimmWekb)
1655 WO(I)uWemLetI)
1660 Le(I)-LezTemp dim
1665 GOTO Dr;w.dip IEnd of HdiplE
1670 Vdip16:Itype I'=4
1675 GOTO HdipIE
1680 Hdip24:GOSUD Erasenu.
1685 NpinII)m24
1690 IF Itype(I)36 THEN LDIR P1/2
1695 LABEL USING "K";'DIP 24"
1700 We(I)uWes.55 25.4
1705 LeCI)sLe-1.25t25.4
1710 IF Itvptj)(>6 THEN Itv.pcUI)5
1715 IF Itp()26THEN Drawdip
1720 Temp dito=Ne I',
1725 We(I.)sWeuLe(I)
1730 Le(I)-Le.Temp dim
1735 GOTO Drawdip I End of Hdip24
1740Vip4IQeI.
1745 GOTO MdipZ4
1750 Mdip4O:IF 'I MOD NxrOL) OP. <Itype(I+1)-10) AND (RqcaITHEN Loop
1755 GOSUD Er asenunI
1760 IuIhsI+1
1765 GOSUD Erasenumh
1770 1-1-1
1775 NpimnU)sHpir&1Ih=20 THIS IS FOR EACH HALF OF THE 40 PIN!
1780 Itype( I )Ittypc I~w
1785 MOVE X(I>+Lr,'2,YlI,
1790 LABEL USING "K":'D1P40"
1795 We(h.-W~rIh.nuWes.6425.4
1800 Le'I)-LeIh>.-L~x25.4 I THIS IS FOR EACH HALF IN EAC'H PEGION

1810 LexL.'Sca
181 MOVE ,( I.,+Lr/2-Le,Y(I,-,Wt/2
1820 DRAW X(I)+Lr'2-L. ,*e(I)-We,,2
1825 DRAW X(I)+Lr/2+L*,Y(I)-We',2
1830 DRAW ~I+r2LbW~
1835 DRAW X(I)*Lr 2-L#e(I)+We-2
1848 ZuIM
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BOARDS DATA INPUT FOR THEPHELE::

t845 GOTO Ntstr
1850 VduP4O:lF I+Nr'Nr~g THEN 1425
1855 GOSUS Erasenum
1860 IalhaI+Nxr
1865 GOSUD Erasenum
1870 Jul-Ncr
1875 NpnIupnhu0 THIS IS FOR THE HALF OF THE 40 PINS INi EACH REGION
1880 Itypc( I)=Itypedrout10
195 LDIR P1-,2
1890 MOVE kIs)H/
1895 LABEL USING "K";"DIP4O"
1900 LDIR 0

1910 Le(I)*Le(1Ih=Le25.4 ITHIS IS FOR HALF

1915 WeuWc'Sca
1920 LesLe/Sca
1930 DRAW X(I)-+We 2.Y(I)-Hr'2+Le
1935 DRAW X(I)-We'2,Y(I)-Hr'2-Le
1940 DRAW X(I,*WC.'2,C(I)-Hr'2-LE

1945 DRAW X(i)+We.2,d-'+L
1950 LDIR 0
1955 Temp dlminLe(I''HERE TPANSFOSE Le A.ND WEi TO:- MAINTAIN LENGTH :,ECF WITH AIR
1960 L()ehfMI
1965 We(I)W(Ih)zTer.pdlJra
1970 GOTO Notr
1975 Flat 16: Itu pE Iz-It
1980 GOSUB Eraienum
1985 Hpin(I)a1E
1990 LAPEL USING"K16
1995 LeUWCuWC(I)-L*(I)s4.57
200e GOTO Drawdip
2005 F1at24IItvpe'(I.-12
2010 GOSUR Er;sznum
2015 Npin(I)=24
2020 LABEL USING '-;"24 4

2025 LcSWtUW*'I)SLC(I)s7.75
2030 GOTO Driop'dip
2035 Flat4O:It-YpE,(I'u13
2040 GOSUB Erasinum
2045 Hpin(I)'40
2850 LABEL USING '-K-;40-
2055LeeueIL(1.9
2068 GOTO Dr'Awdip
2065 Flat64:Itype .I-14
2070 GOSUD Ernienun
2075 Hpin(I)*G4
2080 LABEL USING 1K,; "FLATo54"
2085 L~xWe.We(I)-LedI)w18.29
2090 GOTO Drawdip 9EN4D OF COMPONENT DEFFIN IT IO'NS
2095 1
2100 Erasenum:! HERE WdE MOVE THE REGION NUMBSER TO THE UIPPER LEFT CORNUER
2105 CSIZE 3
2110 MOVE Xd1),V(I)
2115 PEN -t
2120 LABEL USING "11-;I
2125 ClUZE 2.5'Sca
2130 IF Reg chanG THEN PEN 1
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oA0DP .o DriIur FrP THFIIELE:;

2135 MOVE X'I -.4Lr.Y(I'*.4-Hr

2140 LABEL US:riG "K";I
2145 MOVE :,I ',Yk1)
2150 CSI:E 3.4/Sca
2155 RETURN I END OF ERASENUM
2160 1
2165 d chae:COSIJB Error
2170 Bd h&:1 THIS POUTI IE ALL1iB FOP CHANGE OF TYPE FOP SFECIFIED COMPONENTS
2175 ON- ERROP GOTO E' ,:h vi
2180 Suz"CHANIjE COMPONENTS"
2185 GOSUD Pagehead
2190 PRINT " This cct ion allows corre.:t ions 'o the corapc:ncnts on the circuit.
board. *

2195 PRINT "Nowever; you roa"j no, ehange thi circuit board itself. You will 'ir.
t remove"
2200 PRINT "ll unwanted cm1onets (up to 10) b," enternng the re,on nurt:r on
the picture."
2205 PRINT "Whin remving an,,,) component which requires t i. pa4s . use the lo,er
region num."

2210 PRINT "Entering a 0 or prisin. CONT ,i'h no entr'
, 

'ill silo,., program "o
continue"
2215 PRINT "with the Section that allows defiriition of c.opo,:nt. in a11 em,,'',
spaces."
2220 PRINT
2225 PRINT "Remeier to allow space for the larger ccr.lne.,-rgnts that reiquire two r
egions. *
2230 Itt.z
2235 Rgliln: lttalt.t+1

2240 Ans$s"O"
2245 INPUT "ENTER ThE FE;fOH IUMiBER TO REMOVE CMPONENT rDEFAULT=Ci 3tN.NE0 .",A
ss

2250 IF AnsS-"ACV UP" 
T
HEI PET'PJRi

2255 ReqchaavAL 'Ans1)
2260 IF Req c:ha0 THENt Add caomp
2265 IF (Reqcha>-0) A t'Re ma rltg.1' THEN Z.:30
2270 GOSUB Errin

2275 GOTO Again
2280 Reg_cha, It , sPeg ch&
2265 GOSUB Erase comp
2290 Reg_chavO
2295 IF Itt-'W THEN Pgain

2300 SS"MAXIMUM IUtPER OF PEGIOSr
2365 GOSUB Pag ,ad
2310 PRINT " There are 10 changes to a :CoplIjh at T' i point. and to a,voi d pro
blems you"
2315 PRINT "must redef i n4 the b.:ard.
2320 PRINT LIhtI3),SPA'15),,"Preis CONT
2325 GOSUD Add comp

2330 GOTO Ed ,ha
2335 Erase comp :l THIS SECTION PEMOVE UIWAtTED COMPOIENT TO ALLOW CHANGE
2340 GRRPNICS

2345 PEN -1
2350 InRecg_ha
2355 IF It'lpeR,_;Cha,-0 THEN 25
2360 ON ItyVpe () GOSUB Hdipl4.?1.,p14.Hd 1p. 1i.'/dipI.HIi.i.4, v)"4i1p24. Err,,lde.ErroId4
,Hdip4OVdtp4O, Flat 16, Fla 2 4, Flxt 40,FlI ' 4
2365 PEN 1

2370 GOSUD Empty

(9)
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DOARDS DATA INPUT FORP THERMELE::

2375 IF 1<2 THEN 2400
2380 IF (ItNpe(I-1)=3 ADt lt/p,'1a9 THEN 23'90
2385 GOTO 2400
2390 ImI-I
2395 GOSUB Empty
240 IF I(N0xr+1 THEN 2420
2405 IF Itype(I-Ncri<'>101 THEN 2420
2410 Imu-Nxr
2415 GOSUR Empt ,
2420 WRIT 500
2425 EXIT GRAPHICS
2430 RETURN
2435 Add_,omp: ! THIS SECTION ALLOWS ADDITI.N '.F ,.OMPONIENTS 70 EMPTY 'SPACES
2440 IF Itt<2 THEN 2475
2445 IF OldesPI THEN GOSUD Graphkey
2450 FOR I=1 TO reg
2455 IF Ity VpedI'0O THEN 2470
2460 POINTER X(I>,YkIb,2
2465 GOTO 2460
2470 NEXT I
2475 FOR a11 TO 15

2480 OFF KEY 0I
2485 NEXT I
2490 EXIT GRAPHICS
2495 RETURN END OF ADD COMP
2500
2505 Case_ tpe:GOSU Error
2510 Case t.p: THIS SECTION ALL:WS THE USER TO SPECIFY THE CASE TYPE FOR DIP;
2515 ON ERROR GOTO Case_type
2520 IF (OldesPI) AN:Di ! t2 THEN GOO Ca_- ,n,
2525 ! BUT FIRST MUST TELL THE V.ER TO CHA'1,;E THE KE,-CO:'E" OVERLAY
2538 $Ss"CHANGE OF THE SPECIAL FUNCTION KEYS"
2535 GOSUB Pagehead
2540 PRINT LIN 10'.. PAk10)."PEOVE THE KEY CODE OVErLAY FO.P C'CMPONENST INPUT"
2545 PRINT LIN(1),SPAt10 ."REPLACE THE GENERAL PURPOSE E',' .:ODE O'ViEFLA'"
2550 DISP SPA.25)."Pr.ESS ONT WHEN READY"
2555 PAUSE
2560 SSs"TYPE OF DIP PACKAGE"
2565 GOSUB Paehead
2570 PRINT " Dual inline packages. (DIPs) generally cone in tither atn injecic
n molded"
2575 PRINT "plastic case or a cera,)ic sandwich :ase. The style of case constr,'
%ion affects"
2580 PRINT "the heat transfer and must be known ;or the thermal modl."

2585 PRINT
2590 PRINT "The methomds of spe.'i ving the tpes or c.as. are listEd blow."
2595 PRINT TA150)5;"THESE AFPLY TO THE DIPs ONLY"
2600 PRINT LIN(2)
2605 PRINT TAB(IG);"1. ALL CERAMIC"
2610 PRINT TADQO);'2. ALL PLASTIC"
2615 PRINT TAPIA);"S. MAJORITY CERAMIC 'USEP SPECIFY WHICH ARE PLASTIC',"
2620 PRINT TAB(10);"4. MAJOPITY1 PLASTIC --USER SPECIFY WHICH APE CEFRAMIC'."
2625 PRINT TA.(10;"5. USER SPECIFv' CASE STLE FOR EACH DIP COMPONENT"
2630 Ans$="11
2635 INPUT "ENTER YOUR CHOICE 1.,3,4,5'"°,na$
2648 IF Ar, J|$"BACK UP" THEtI 2670
2645 PRINT LIN20),SPA20),"UNAELE TO RACK UP WITHOUT LOSING THE BOARD",LIN05S
2650 BEEP

(10)
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BOARDS .. DATA INPUT FOP THERMELE':

2655 DISP "Press CONT when ready to continue"
2660 PAUSE
2665 GOTO Case t,,p
2670 AnsVAL(Anl:'
2675 IF (Ans<l) OR '.Ans:>5' THEN 'asje type
2686 ON Ans GOSUB CerePlas.M,:ere-.-rIa s.An,
2685 Case cha: S5-'CORRECTIONS TO CASE STYLE Fi-UP DIP PA.r AGES"
2690 GOSUB Pageread
2695 PRINT " On the screen below is a line that represents the .asie ',pe f,r
all regions."
2700 PRINT "Those regions that contain a pllastc cased component ire shor,n in in
verse vidio"
2705 PRINT "'I) while all others are shown in normal videoa l.

2710 PRINT
2715 PRINT "To male :orrection.s. enter the regior, # that is incorrect.i' ro char,
es no entry.",LINWb
2720 FOR I-I TO tre';
2725 IF I MOD 10-1 THEN PPIHT SPF,',O
2730 IF (CasesCI,I]"0" R'.11), THEN P;-tNT 8::S'A- 1-:
2735 IF (Cas.eStI,l2"0, ANlD t.I 10 TMEN PRINT SPA',v:.1; IPA,' 1:
2740 IF (CaseSC!,IJ="1") AND -I>=10) THEN PRINlT CHP I.S;I;CMP.I21:PA'.1

2745 IF (CaAeD(I,I<="1" A~tI 110) THEN PFINT CHRS(Ill ....;IM S",;.SPR
(I);
2750 IF I MOD 10=0 THEN PRINT LINQ1)
2755 NEXT I
2760 PRINT
2765 AnsS,"NULL"
2770 INPUT "ENTER REGION # TO I:HAN.E OR PPESS ' ,DNT t..TH NOI ENTRY IF Ok",Ansi
2775 IF (Anil=s"NULL". OR (Anst="'BACI UP"' THEN RETURN
2780 Regl1VAL Ans-)
2785 IF (Regl..) ArID ,Peg1=Nre-". THEN 28000
2790 GOSUB Errin
2795 GOTO Case cha
2800 CaMeOIRegIPDgIJVAL$(INT(CYAL:CaserIRecDID. ) rO 2))
2805 GOTO Case_cha END OF Case cha
281
2815 Cere:! ALL CERAMIC CASES
2820 FOR 1=1 TO Nre'g
2825 CaseSCI ,I)-'0
2830 NEXT I
2835 RETURN !END OF CERE
2840 1
2845 Plas:! ALL PLASTIC CASES
2850 FOR 1=1 TO Nreg
2855 CaseSCI,13-"1"
2860 NEXT I

2865 RETURN !END OF Plas
2870 1
2875 Mcere: SS="MAJOPITY CERAMIC ... SPECIFY WHICH RRE PLASTIC"
2880 GOSUE Pagehead
2885 FOR I1- TO Nreg
2090 CaseStI,I)-"O"
2895 NEXT I
2900 AnsS"NULL"
2905 INPUT "ENTER THE NUMBED OF PLASTIC COMPONENTS",Ans$
2910 IF Ans$"ACv JP" THEN Cas.e _-sp
2915 RnsVAL(Ans$:-
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BOARDS DATA INPUT FOR THEPPIELE::

2920 IF (Ans 0) AND t8nsNre9 I) THEN 2935
2925 GOSUB Errin
2930 GOTO Mtr'e
2935 IF Ans1Nreg THEN Plis
2940 FOR I=1 TO Ana
2945 An$SS"NULL"
2950 INPUT "ENTER THE REGIOtl NUMBER THAT C"O'tA-N A PLASTIC CONPONEt4T",An_-$
2955 IF AnsS="BAC- UP" THEN Mcere
2960 RegI=VAL'Ar,4S)
2965 IF (Regi >0 AND ,Pegi tiregl) THEN "930
2970 GOSUB Errin
2975 GOTO 2950
2990 Cas-4CRe g1, Regl ]=""
2985 NEXT I
2990 RETURN !END OF ic ere
2995
3000 Mpl,: SS'"MAJORITY PLASTIC SPECIFI, WHICH ARE CERRMIC"
3005 GOSUB Pag'head
3010 FOR I11 TO Nreg
3015 CaseSCI,IZ=I"
3020 NEXT I
3025 Ana$-"HULL"
3030 INPUT "ENTER THE NUMBER OF CERAMIC: COMPONENTS",AnsS
3035 IF An:ss="ACKJP" THEN Case !'.p
3040 AnssINT(VALAn' s$.,
3045 IF (Ans;O) AND AnsC:Nre.l., THEN 3, 63

3050 GOSUB Errin

3855 GOTO Mplas
3060 IF AnsaNre; THEN Cere
3065 FOR 1=1 TO Rns
3070 Ans$="NULL"
3075 INPUT "EHTER THE REGICr NIUrBER THAT CONTA INS A :cE A.IIC C:,rIFIr#EIIT".m'nz$
308 IF An;$:"6ACK UP' THEN ,ipla
3085 IF (Reg1>0) AND ,:Regl'Nregi-) THEN 3103
3090 GOSUB Errin
3095 GOTO 3075
3100 Cae$IReglRegI2="0"
3105 NEXT I
3110 RETURN t END OF Mloal
3115 !
3120 Any:' EACH REGION MUST HA'..'E IT'S DIP SPECIFIED
3125 FOR 1=1 TO Nreg
3130 IF (Itpe(I.I) OR It,oe(I>10) THEN 3190
3135 DISP "IDENTIFY CASE TYPE FOR REGION #"; I; "ErITEF: I FOP PLATIC. AND 0 F:
R OTHER)

" ;

.3140 INPUT CaseSCI,IJ
3145 IF (CaseI.II:"1" OR (C.=,a*.CI,IJ-"0") THEN 3150
3150 GOSUD Errin
3155 GOTO 3135
3160 NEXT I
3165 RETURN !END OF Any
3170
3175 What no,,j:! THIS SECTION IS THE FINAL SECTION
3180 $$S"WHAT NOW ?"
3185 GOSUB Pagehead
3190 PRINT " You have complited one cycle through BOARD: and ha,., the fCol l,.
ing options:"
3195 PRINT LIN<1),TAB, "1,"1. PEPFORM THERMAL AhALYSIS ON ";Naae.:" USING THEFl
L."
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BOARDS DATA INPUT FOR THERMELE:.'

3200 PRINT LIN(1),TAD O),"2. INPUT ANOTHE' CIIRCUIT BOHFD DESCR!PTION FROM YEFO
ARD. "

3205 PRINT LIN() TAB( 10), "3. INPuT ANOTHER C !FCU1.IT DUAIFD DESCRIPTION FROM M1AS 5
STORAGE."
3218 PRINT LIN(1),TAD0(O),"4. TERMINATE."
3215 !
3220 Rns$="I"
3225 INPUT "YOUR CHOICE ,,3.4.'%An$
3230 IF AnsS"BACV UP" THEN RETURN
3235 Ans-AS( INT'VAL'Ans$,)
3240 IF Ans5 THEN 3255
3245 GOSUD Errin
3250 GOTO 3220
3255 ON Ans GOTO Therml ,Fedo.Pdo.,Ertde
3260 Therml:DISP "WORik ING' LOADING THEPML TO PEFFORM ANALYS"-I'- OF ";N ame,£
3265 LOAD "THERML",S5
3270 STOP
3275
3280 Redo: MapAns
3285 RETURN
3290 !
3295 Ende:PRINT PAGE. L I N-20- ,, SPAC1 O). 'NORMAL TERMIliATION
3300 DI:P "WORKING LOADIN'. . S3TA1N1APD kEY DEFF:NIT.ON'"
3305 GCLEAR
3310 LOAD KEY "STDKEY"
3315 END I END OF Wha? n,o,
3320
3325 Pagehead: THIS SECTION PLACES IESIPED HE.4LING ON A BLAHK CT
333.0 PRINTER IS 16
3335 PRINT PA'GE,T.B,: ?4-LEN,'ss, 'x";".* ",cHcl3:.,s$:CHRs 1:8""
3340 RETURN END OF PAGEHEAD
3345 !
3350 Errin:1 THIS SECTION ALERTS THE USER TO AN ATTEtiFT TO INPUT SAD DATA
3355 BEEP

3360 DISP "INPUT OUT OF 'RNGE ............ TRY AGAIN"
3365 WAIT 1503
3370 BEEP
3375 WAIT 1000
3380 BEEP
3385 RETURN
3390 9 END OF Errin
3395 E
3400 Leadse:GOSUB Error
3405 Leads: ! THIS SECTION ALLOWS THE INPUT OF THE NUmER OF LEADS BETWEEN FEC ION
S
3410 ON ERROR GOTO Leadse
3415 S5="ELECTRICAL LEADS OP OTHEP CONDUCTION PA-H."
3420 GOSUB Pa',ehead
3425 PRINT All circuit boards- have thermal I-,, conductive materials app' -ie,
o their
3430 PRINT "sur face either in the form of electrical leads or as thermal cerdct
ion paths."
3435 PRINT "Heat will be transferred through these material t etwcen the re'; CflS

3440 PRINT "if there are conduction paths <rails) pre-ent, they- will ha,, a ,u,:h
I ar ger r'

3445 PRINT "effet than the ele:trical leads and the electrical leads vii1 oe ne
glected

(13)
106



BOAPDS .S. DATA !hFJT FOP T-.EPNELE::

3453 prc' , "in the thermal miodel.
3455 An.f$"N"
3460 INPUT "ARE THEPE METAL C:'Nt.U':TIDN PATH. PFESEhT N ,r Y)" ,Ani$
3465 IF Rns$=" EA j UP" THEN 'ETURN
3470 IF UPCSAnzs[1,li="N" THEN Liad -size
3475 IF UPC5(An$I ,1I I="Y" THEN 4 0
3480 GOSUD Errin
3485 GOTO Leads
3490 Ssa"CONDUCTIONl FAILS"
3495 AIS="CPU's"
3500 GOSUD Pagehead
3505 PRINT " Theral c'onduc t *:,h rail1l ai rsu.:h .jider and thicker thara The e1 e
ctricall"
3510 PRINT "leaoz p1l aed onto the circuit boari. Th.e ihi,e-3 ii ;enrasi .is,,
form, "
3515 PRINT "howe,,,er; the rails are typicall- not of unitcorrn .ldth. It is th-,-
ore"
3520 PRINT "nec-:Ejarv to define a :oncept oi C-n.uction Path Unit;i tr'F', ,. The

rail WIdth"
3525 PRINT "will be modeled in, term; of an intger rt.iber ., CPIJ'. >*, J ,

be asked to"
3530 PRINT "input the thicknes. .nm), of a CPUI and, the iii thI wil11 aut a t tlc i
e f au I t to"
3535 PRINT ".1 mm such that a rail oi" width 1.7 nt ca ' be ,oe led a; 17 CP'i.
3540 PRINT
3545 PPINT " For your conven ience the thermal concJ, t ItI t .at" - of t
hree allcI'o;,
3550 PRINT "c omt,,:,nl y used as mat. r i al f.or c -rduc T ion rat I -are .i c r. b.A I.L: IN
(1)

3555 PRINT "Al 50=:'= 13:.2 U. N-C ...... AL 6101= 215.? - wM-C ...... .... u 113 = 3S
.8 W/M-C"
3560 PRIHT
3565 Olde=O
3570 AnsS"1"
3575 INPUT "ENTER THE THIC. KNES'S CF THE TrlEPAL :C::NtDIUC. T . PATHS -r CPU 3 til) , A
ns$
35A0 IF AnsS="ACK UP" THEN Lead-
3585 T1=ASO'.AL'I.Anf
3590 PRINT "THICKHESS OF CPU = "mmf °

3595 AnsS=".1"
3600 ! INPUT "ENTER THE WIDTH OF THE CPU' I mm)",RnsS
3605 IF Rns$-" RCK UP" THEN 3570
3610 W1-ARS(VALKAn;5))
3615 AI=-WI*TI !#####W NOTE THAT THIS AREA IS tiE'ATI',.'E FOP CPU
3620 PRINT "WIDTH OF CPU's = ";l ;"mm APEA FOP HEAT TFNiFEP FEF FIJU

-Al; "-Am]2
'

3625 Ans$="133.2"
3630 INPUT "ENTER THE THEPrIAL CONDUCTIVITY OP THE COlD..TI PATHS 'U M-C)",AnSr
3635 IF AnIS-"E1ACK UP" THEN 3570
3640 K1=A P(;VAL,.ArAn -i" ,

3645 PRINT "THEPML COIDUCTIVITY =" ; 1'1; "Wtt 1-eg C"
3650 WAIT 1500
3655 GOTO Leads enter END OF CPU
3660!
3665 Leads .i=e:' S="NLMEP OF LEADS"

3670 GOSU-P aI. ehead
3675 AIis"LEADS"
3680 PRINT " This Jection of" the pr':,gram all:', the iutr' of the .i:e and con
duct ivity of"
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BOARDS D. rTr INPUT Ffr THF,,ELE!;

3685 PRINT "leads ('racei) on the surface of 'he crcuit bard. These act a- bo
th"

3690 PRINT "electrical and thermal conductors between the regions. When ent.rin
9 the width"
3695 PRINT "figure an averag. width for 0l1 te leads."
3700 PRINT LINh,,," The thermal conduct vit'i will default to pure copper (334
Watts/'M-Deg C)"
3705 PRINT "with no entry."
3710 Olde=0
3715 Rns. :".033"
3720 INPUT "ENTER THE THICKNESS OF THE LEADS ,TPACE', ON THE CIRCUIT BOARD 'mm'
*"Ans$
3725 IF Ans5="BACK UP" THEN Leads
3730 TI=RBS, '%'ALin.SZ' ,)
3735 PRINT LIN(',."LERD THICKNESS =";T1l:"mm"

3740 Ans*r"I"
3745 INPUT "ENTER THE AVEPA:,E W IDTH OF THE LEADS '.TRACES> 1,4 THE CIPCUIT BOAP
D mm)",AnsS
3750 IF Ans$="BACK UP" THEN 3715
3755 WI=ABS(VALAnas.,.
3760 AI=WI*Tl
3765 PRINT "AVG WIDTH OF LEADS * ";Wl;"mm RREA FOLP HEAT TRRNSFER PER LEr-B==" ; RI "mm-2

'
.

3770 RnsS"3e4"
37,75 INPUT "ENTER THE CONDUCTIV'ITY OF THE TRACES 'DEFAULT COPPER = 3S4waits .'i-d
egK)", ns$

3780 KI1RBS(VAL,:.AnSI S
3785 PRINT "CONDUCTIYIT'( OF THE LEADS =";K11;" WrAt:-M-C"
3790 WAIT 1500
3795 Leads enter: S$="NUPER5PS OF " BA1$&" BETWEEN REGION:'"
3900 GOSUB Pagehead
385 PRINT " This section oF the progr m allos 'he en'r.' of the nub-r of t.h
er 1;AIs
3810 PRINT "that cross each of the in' ernal re,.%on b:undarI Cs. If these are o:.n

both sides"
3815 PRINT "of the board add both number; together. The flashing ,:ross ,'Ill Ao')
e to the"
3820 PRINT "appropri ate loation on the c--,r.n but the graphics pi.:?,ure will not

3825 PRINT "If a hard copy of the graphics s nieeded for a guide, recall that k3
wi11"

3830 PRINT "provide one. The picture will return to the screen while the ,un,t.r
of ";R1S

3835 PRINT "is labeled and the flas.nng cur.or will mo,.e to the n..t location 'o
be entered."

3840 PRINT LIN,'I)"DO NOT USE kO (PACK UP> WHILE THE tlUIPEF"-: OF ":P'is; 'PE FE
ING ENTERED!"
3845 PRINT LIN(l),"There "ill be correction opport.nit.ies later."
3850 DISP "PRESS CONT WHEN PEADY TO START WITH PEGION #1"
3855 PAUSE

3 60 GOTO Leads in
3865 Leads label: ! HERE THE NUNRERS OF LEADS OR CPU'S IS WRITTEN ON THE SCREEN
3870 CSIZE 2.5
3875 GRAPHICS

3880 LABEL USI.IN "K"ull
3885 PEN -1
3896 LDIR -PI
3895 LABEL USING "V";ijI
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3900 PEN I
3905 LDIR 0
3910 IF Olde PI THEN WAIT 500
3915 RETURN
3920 Leads ol1:C31E 2.5
3925 SS="NUMFEER'; OF LEADS"
3930 RIS-"LEADS"
3935 IF AI<0 THEN Ai t'CPU;'"
3940 GOSUB Pagehead
3945 PRINT " This section :f the prograu dipla,.s the rbers of lead; Cro.-
ng .
3950 PRINT "boundaries of regions b- placing numbers on the side- of th# regions
that"

3955 PRINT "represent the inforn.ations ;tored ii ";stoare.; i You -, 11 be ml lowed
to make"

3960 PRINT "corrections to that information ana re-store in on mass storige if r
*qu i red. "

3965 PRINT
3970 PRINT "If you do not de ,re to view the ' v& con:r'n,ng nuter of lead;,
enter any"
3975 1 PRINT "number before ,'ou pr es rONT
3980 DISP "PRESS CONT WHEN READY TO VIEW DATA
3985 Lead; in: FOP 1=1 TO Nr;e,
3990 J-1 I HERE IS BOTTOM OF THE REGION
3995 GRAPHIC-
4000 IF I+Nxt=treg THEN 4025
4005 NI(J,1)=11=e I HERE IS BOTTOM OF THE BOARD WHERE CONNECTORS W1 L G;'

4010 MOVE " I),Y(I.:-.45.Hr
4015 GOSUB Lead;s latbel
4020 GOTO 41i5
4025 IF (Ityp(I)>-0) OR Itpe I+N:'r).)10' TYEH 4100
4030 MOVE X(I)+.32-Lr,C' I"j-.45-Hr
4035 IF Olde(;PI THEN 4050
4040 N1=Nl(J,I)
4045 GOTO 400
4050 POINTER X.".LrYI)-.45*Hr.2
4055 WAIT 2000
4060 DISP "ENTER THE NUMBER OF ";A14;" BETWEEN REGIONS ;CHRS:I 3;I:CHRI(- ,

;" AND ";CHRS(32);I+ttxr;CHRS(Z$-");
4065 INPUT NI
4070 NIlABS(Nl)
4075 HI (3+2, I+Nxr)=NI K, I )N1
4080 GOSUB Leads label
4085 MOVE X(I+Nxr)+.32*Lr,YI+tlxr)+.42*Hr
4090 GOSUB Lead lIabel
4095 GOTO 4165
4100 MOVE X(I),V(I)-.45Hr
4105 IF Olde<>PI THEN 4120
4110 NI=l(J,I)
4115 GOTO 4150
4120 POINTER X(I),Y(I)-.45*Hr,2
4125 WAIT 2000
4130 DISP "ENTER THE !UNBE OF -:$;" BETWEEN r'EGIONS ":CHR132:I:CHR$ i,;
4135 INPUT NI
4140 NIlADS(Nl)
4145 Nl(3,I)NlU+,I+t'r)N1
4150 GOSUD Leads label
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4155 MOVE X(I+Nr),Y(I+Nxr)+.42*Hr
4160 GOSUB Liads- l abel
4165 3=2 ! HERE IS FOR RIGHT SIDE OF REGION
4170 IF I MOD Nxr< O THEN 4195
4175 Nl(2,I)-Nl=0 ! HERE IS THE RIGHT SIDE OF THE BOARD
4180 MOVE X 1)+.42tL,' U
4195 GOSUB Leads laoel
4190 GOTO 4340
4195 IF (Itype(I)(>9 OR (Itype(I+1)W>9) THEN 470
4200 MOVE X(I) .42-Lr,YI.-.3Z.Hr
4205 IF Olde<;PI THEN 4220
4210 HINI(J,I)
4215 GOTO 4250
4220 POINTER X I)+.4+LrY.I)-.32+Hr,2
4225 WAIT 2000
4230 DISP "ENTER THE NUMBER OF ";Ais;" EThEEN REGIONS ";ClRs132;I:CH ZIS

;" AND ";CHRS. 132);I+1:CHRS(128):
4235 INPUT NI
4240 NlABS(NI)
4245 (3,I sN1+2,1 11=NI
4250 GOSUD Leads-label
4255 MOVE X(I+I)-.42Lr'i(I+1>-.2*Hr
4260 GOSUB Leads label
4265 GOTO 4335
4270 MOVE X(I)+.42*Lr,YCI)
4275 IF Olde./PI THEN 4290
4280 Nl=NIUJ,I)
4285 GOTO 4315
4290 POINTER X(I)+.42tLr, kI,,2
4295 WAIT 2000
4300 DISP "ENTER THE NUMBER OF ':Alt: BETWEEN REGIONS ':CHRX

1
132);I;CHR$aZS

;" AND ";CHR$S2';I+1:'HRUI2;
4305 INPUT HI
4310 Nl-ABS(l)
4315 GOSUB Leads label
4320 Ni (3+2, I t+1)Nl,J, I ,-N
4325 MOVE X.KI+I)-.42*Lr,Y(I)
4330 GOSUB Lead labil
4335 J=3 ! HERE IS FOP TOPS OF EACH REGION

4340 IF I>Nxr THEN 436A
4345 Nl(J,I)=Nl=0
4350 MOVE X(I),Y(I)+.42*Hr
4355 GOSUR Leads- laoel
4360 J=4 ! HERE IS FOR LEFT SIDE OF REGION OR BOARPD
4365 IF (I-1) MOD Hxrs0 THEN 4375
4370 GOTO 4390
4375 Ni(JI)mNl=0
4380 MOVE X(I)-.42*Lr,Y(I)
4385 GOSUD Leads label
4390 NEXT I
4395 GRAPHICS
4400 MOVE 160,130
4405 LORG 6
4410 CSIZE 3
4415 LABEL USING "r":"e OF "1AIS
4420 DRAW X(l<r),BNHrP+Nr-/2
4425 POINTER 0,0,0
4430 WAIT 5000
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44a5 EXIT GRAPHICS
4440 RETURN
4445 Leads chat: O'SoU Error
4450 Leads cha: S$="CORPECTI.I'S TO tlIUMEEF. "O AFI
4455 ON ERROR GOTO Leads_chae
4460 Checku=0
4465 GOSUB Pagehead
4470 PRINT " .'ou may now make corrections to 'he numbers oi" ";Alt;" crossln,;
the boundaries."

4475 PRINT "Recall that k3 will provide a hard cop-,, of th ;raphic if needed,!

while k2 "
4480 PRINT "will return the graphics picture to the screen for visual checkinrg.

4485 PRINT
4490 PRINT "In responce to the prompts be, INPUT Req 4. Reg 4, CORRECT S OF
*;AI$,LIN<t)
4495 PRINT "IF THERE ARE io CHANGE; FRE'&.3 CiNT &EY WITH rio INPUT.

45e LORG 5
4505 IF Check>M THEN DEEP
4510 IF Chec..0 THENk PRINT LIN,,3),"CHECK O'.'EF THE FIGUFE, '.)U HAVE MADE AN IL
LOGICAL CHOICE OF REGIONS."
4515 Check-Check+I
4520 Regls
4525 DISP "REG # , REG # ± CORRECT # OF ";PIS;
4530 INPUT Rg I. Reg2, tlejnl
4535 IF Regl-O THEN RETURN
4540 IF (Rtgl NrIg OR Pe"- Nrc;: THEN 44 .5
4545 IF Reg2>Regl THEN 4565
455.0 Dum=Reg2
4555 Reg2zRegl
4560 RegI=Du-
4565 J-0
4570 IF (RegI+I=Pe Z) AND 'Regi NOD Nxr .0*. THEN 3=2
4575 IF Regl+Nxr=Req2 THEN 1-l
4580 IF J<>O THEN 4655
4585 EXIT GRAPHICS
4590 S$"ERROR IN C'RRECTIOc':"
4595 GOSUB Pagehead
4600 PRINT LIN(5),SPR(5)." THOSE TWO REGIONS DO HOT CONNEC.T TR, RGAIN"
4605 DEEP
4610 WAIT 2500

4615 GOTO Leads cha
4620 1 HERE IS THE CORRECTION SCHEME
4625 Leads erasi: PEN -1
4630 GOSUB Leads label
4635 NINewnl
4640 PEN 1

4645 GOSUB Lead; label
4650 RETURN
4655 IF J-2 THEN 4745

4660 IF (It>1p0(ReV10 OR ,ItvpeRe.;2, )il. THEN 4705
4665 MOVE X(Rgl)+.32*Lr,Y"Regl)-.45*Hr
4670 NlzHl(,Reg1
4675 GOSUB Lead; erxae
4680 MOVE XReg2.+.22.Lr,VYPeg ',*.42*Hr

4685 NlHl(J+2,Re .2
4690 GOSUD Leds._erase
4695 Nl(1,Reg1),, lIe2se.,rl
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4700 COTO L4 d h';
4705 MOVE '8Peg1 %P4e71 -4 .Hr
4710 NI -I l cJRe;I '
4715 GOSLID LealsejraJt
4720 MOVE Xtre.;: ,.'Fu;g'.42Hr
4725 HIvWNUJ.2,Feg.>
4730 GOSUD Le1ad; 4rie

4735NiJe; I'J.Fe2ser

4748 COT0 L#&JA_:na
4745 ! HERE .E APE TQ C RFFEC! THE FIGHT -ILE -.F PEtGIGI'

4750 IF ' It~ te're';1 9' OR 't,.'eg' THEN 47S
4755 MOVE xF; .4.r ~e1'
4760 HNII( J,Regl'
4765 bO:US Lebd &-erhi
4770 MOVE x' Reg,2-.4L C'F; .:-

4"75 NI-N I(JI* 2. Re-;'
4780D GOSUD Lean e-rase
4795Hi(JP; N J.,e;'.e.n
4790 C0TO Leads _char';e
4795 MOVE N' Re1';1 +. 42.Lr .'Fg

4800 N1irIKel
4805 GOSUD Lit-fl era!.
4810 MOVE :-.' Pfg - 424Lr, Y-P
4815 H-iC12F'
4820 GOSu2B Leadserase
4825 NUSeg)?4i 1.7'2.Re;'sir
4830 COTO Lead! _cha
4835 Temp in: ITHU: iECT!1,! IN;! 'UI THE ?t~.TEiFEA T'.Fi: :r P 1hECl 09 E..E"*E'4'-,
4840 E2,IT tCRAFHICS
48453 S3-"TEr1PEPIATUFEi .), FOhEP 'SE'ELL OF :,'MFQtkE1TS
4850D GOSUB Pagt;erea
48!55 PRINT " Thg tneir-oh) Model 'ie bv this orogriat'hAS'hit-r %ce

be a he at'1
4868 PRINT "sourcep fo:r *,'ich the user spe1-:'i'ies eilhe 're* '!h I-Ar JAtC' ,~
erature* or*
4865 PRINT ..the rate of heat 2eer'io itlir ti-a':fs rnt Wren 'et

junctilon'.
4870 PRINT "temperature is ape: if ed, the hia inut. vieal-' iv't ite p'e-i re
calculated."
4075 PRINT "When Ithe rate of power dualpat ion is specif'ed, the steady, jAT64

4880 PRINT "tenperai,..res arecl:lad.
4885 PRINT
4898 PRINT "The Program uses the componentsrc tenperat..re in *ho 'herbaxl
del and*
4895 PRINT "Itherefore requ.ires a *:ase to junc-:I icn lr lreist'ance Pj_-:' Phc'
ever,"
49030 PRINT "if zero Is spfc,04ie- then the surf aceq 'teiier aurf is ass-A04ed1 t t
he same as"
4905 PRINT "the juncti:on tenperat-ure. When. cotoponent~s ipian t"'0 rericns. en'er h'

&If the
4910 PRINT "cmoe'poer f.or each region."
4915 PRINT LI'h1I).' All entries must be in D1,; C. or Waits and de-; C Wa'';.'
4920 IF Olde' 'P1 THEN 4945'
4925 DISP "PF-ES'3 CONT WHEN READ', TO VIEW THE DATA FROM ;':HS : 81te5Cn
128);" FOR PCSSIE'LE CHAINGES"
4930 PAUSE
4935 GOTO Tem~p cha
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49401
4945 Anssm"I
4950 MAT Pown,"EF
4955 MAT TjmZER
4960 MIAT Rj-cu:EP
49615 IPvT "D3 O~ 'E--!FE 'i FE,:IF', POWEP .E-rLZ I'- R TEMPS (2) , Anis
4970 IF AnjSSA0iJF. TH'ENl PETO.FN
4975 Ans.'/RL'.Ams&
4980 IF (Ansel) 1P krzvu THEil 4 5
4985 GOSUB Er r In
4990 GOTO Tetipln
4995 IF Ansel THEN4 P.w it

5000 TH.pmT' .s) ,E;E I,:iFuT TEMFEF.. E: WILL *:,-.*E FOP P3wEFS LATEr
5005 "'$.INPUT OF TUw4:T:t4 'Ei1:;iiT..FES"

5015 PRIT it* k' no, tr, * .i r prc? Ii:r, , Np.rat ,r _ -I*.; C? -ird jrc

to ceas* *
5020 PR INT 't~r h res~a.: i a..c -j.; C: Wit I, :I .: r,? .i kO Bak .ip a ion

h~ile entof-ing2
5023 PRN1 T " fht i ?A'.*
5030 FPInT LIN, 3,
5035 PRIriT I Tjcl, PI j ,
3e4e FOP Z-1 TO ?r.
5045 IF Ityrp4, 1 -0 THEN
5050 Dl SF *FOr ELEriE.,47 Iti ;EOI ti I1 E?; TE,; T j r An F
50,55 INPUT Tjj *P! _ : )

5060o PRIHT £FA, , I lTj , I.F j_,I
5065 Tj, I *=Tj I -77
5070 NEXT I
5015 GOTO Tcmo.p:nx I END OF TEMP i

50830 Pow. In: Ttv s~i?11 liEPE 114PLT P sWEF _E 'ELS WILL S:'LVE FOP TEMFEPFT .':EE
5e 35 S8 -INPUJT O F :OMPONEVi FOWER LE'EL-,
5090 GOVE EL-4PI
50"5 PRItiT ie., bre, now *r'.4rirg cotp:,t -1i. *i~j ipL i r, (itl' 0 i p.
ct ion to'
5100 PPRI11T "c~ bin4 r 3 4 11 :1 r:jj .1 W : 1* *.s 0 'Pack 1,.p'
It *ntetrn."
5105 PR IN1T "tht *ik'i.

5110 PRINT Ld 114
5115 PRINT ,I P0",,'(I f_
5120 FOR Ini To Nrc .;
5125 IF Itvp*,I,.0 THEP4 t140
5130 DI'SP "FQR ELEf,1ENT IN 4E;I ; 1' I'ENTEF Po,- I'F (.;
5135 INPUT P.:,' I ,Rj:
5140 PRINT SPA*,IP"Ij:1
5145 TjCI=-Z?3
51,50 NEYT I
5155 GOTO T4mpcht END OF POW IrN
5160 1
5165 Tcowp .Iaq: GO'--LIS Error
5 170 TempR ch#a: ITHIS *:ECTION4 ALLOWS CHAIPLES TO THE TEMPS -10 POWEP LEwELB
5175 SS*.DATA FOR z'tptibis
51160 GO$UB Pagthtt'd
5185 PRINT " Th* dh'.h ltid t~41Cw art tht c,wrtn' &11 . thd ari1 ll,
specified."

5190 PRINT "PEOICi 0 T 1.jr.: *D4.2C P -I.'5 _____,__a

5195 FOR loti TO Ui-4;
52e0 PRIN4T TAVS2',I;TAb 1-',Tj I -27;TP. 3.: TiL3F
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5205 NEXT I
5210 PRINT LIN,2)
5215 IF S' ipaP[ THEN GOTO 5,63
5220 PRINT "US the DISPLA' up-xrro'l OR down-arr.w to MOve the dat a Ii3t a Ptu
tred"

5225 Check-C
5230 AnsS-"O"
5235 INPUT "AN" CHANGES 

" INPUT REG S IF IES OR PRESS CONT FOR NO CHANGES".prs
$

5240 IF AnstS"FACI. UP" THEN TE'.f'jtr
5245 RegI-INT VAL.Anj))
5250 IF (Rel1 4) D ,'Rgl.Nre.;-I THEN 5265
5255 GOSUB Errin
5260 GOTO 5210

5265 IF (PegI')-c AND Ch*,:k%3,, THEN Hard
5270 IF (Reg,1-O AND eCh.: 0., THEN Tenp*,:n.c
5275 DISP "TO CHANGE VALUES IN REGION 0"; Rg.;
528e Checkal
5285 IF Tem jo=t THEN DISP "ENTER Power , Pj c";
5290 IF Term ol-0 THEN ,'.IP "ENTER Tiunc ,. c":
5295 IF Temr so-Il THEN INPUT R,',i.:l '.Ric"FegI'
5300 IF T

em_-'olI0 THEN INPUT T.1 P,;i 'A c
5305 IF Tem_ol-= THEN Tj-,ie;. *T''Pa,;1'.,3
5310 PRINT LNd.T!: 2,PE,:TAE<17.T,'ReI:'~..TAS'f" ,P:w'P-.l1':TA1l4I' J
c(Regl);" 4** CHANGE *'"

5315 GOTO 5230 I END OF TEMP 'HA
5320 Hard: THIS SECT ON P'Ir4Ti A COF'' OF THE INPUT IATA IF PEU-EEYED
5325 Ans~S"N"
5330 INPUT "DO YOU DESIRE A PRINTED COP', CF THE DATA AO,'E 'N or '"".AnsI

5335 IF An$s$" ACK UP" THEN Tnp_,;ha
5340 IF Anss "N" THEN RETURN
5345 PRINTER IS 0
5350 SkipaPl

5355 GOTO 5190
5360 PRINT TAF(39-LEN, "THE PO',:E DATA IS FOP "::Pi, t1 , "THE ABOVE DATA IS F
OP ";PicttlblLIN'I'
5365 PRINT "BOARD LENG;TH 'define,' aton' air ftow's";DdU,,h HEIGHT a";
bdh;"Wp"'r,LIN I N)

5370 PRINT "BOARD THIC fESS" ;Thick_bi"t.m CONDUCTIVITY 5"
; Kb; "Wat t $. M-1'" .oLIN<-2 )

5375 PRINT "THE BOA;RD MODEL AS.EUt1iS ";i;"AS CONDUC'TION P'THS WITH AN AREA OF
";ABS(Al);" mmo ",LIt' 1'
5380 PRINT "THEFRMAL CONDUCTIVIT' OF THE ";Ais;" -";i;" Wtts. -C"
5385 PRINT 

"

,LINe2)

5390 PRINTER IS 16

5395 RETURN I END OF Haro
5400
5405 Stowe: GOSUL Error
5410 Stow: I THIS SECTION PLACES THE DESCRIPTc.?; OF THE C:RCLIT BOARD ON TAFE

5415 ON ERROR GOTC- Sto-at
5420 $$s"PECOPD BOARD DESCRIPTION ON MAS. STCRAGE"
5425 GOSUD Pa.;ehead
5430 PRINT " You a record alt the data concerning' the circuit board on arsk'
avai able"
5435 PRINT "miss storag;e deic.. This alto', an, .r , retrieve the des.:-pti
on at some"
5440 PRINT "titer time without. 'he need to it-pat ai thi ,tdestiC. Tht" optcr o
ccurs both"
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5445 PRINT "before ard.j aftir the thermal snilvis. Entir *flajred Ila 11i ri
ae below,"
5450 PRINT "be sure to include the mass storage ,.' JE:lqr if" -,o' 'h1 dlq&ul

5455 PRINT "For examDle :T14 , :FA , Y12 etc."
5466 Ans$u"Y"
5465 INPUT "DO YOU DESIFE TO RE:ORD THE DES.RIPTIOi DATA , or N' ",AnuS
5470 IF Ansn"ACK UP" THEN 0E,.PN
5480 IF UPCS(AnsST,12 'N THEN r'ETUFI
5485 IF Old.* )P1 THEN 5505
5496 PRINT LIN(5)."THE F'EE.ENT DESCRIPTIYE TITLE FC.R THAT BOARD 13 ;C--HR$ j-' ':;p
tctlbI$;CHREk 1Z5
5495 EDIT "CHAlGE THE TITLE OR FRESS CONT WITH NO ENTRY,' FOR "O CHAtNE.".F':1lb
is
5506 IF Pictltl$a"BACK UP" THEN Stow
5505 An.IuNal .
5510 EDIT "UNDER WHAT NIAME DID YOU DESIRE TO 2TORE THE DATA :hang i .w,"
$

5515 IF NS.;eDS"BACK jP" THE4 54'.10
5526 IF Nam*l-Anss THEN 5560
5525 Anss-"Y"
5536 DISP "DOES A DATA FILE WITH AT LEAST";40-Nrc-;,6t)A;" BYTES EX:IST UNDEF Ti-HAT
NAME (V or N' ";
5535 INPUT Ari
5540 IF Ans $"BACi UP" THEN 5505
5545 IF UPCU(AnsSCI.t)Y,-" THEN 5560
5550 DISP "WORKING CREATING DATA FILE FOR ";Nsit';" THAT ;4.Nr..+6O:"BYTE
S IN SIZE"
5555 CREATE NameS,1,40-ti-e;.600
5560 ASSIGN 05 TO Nb.ruS
5565 PRINT LIN,3;,"WCFP. ING JR'IT:Ft.: SCAR.' LESC;IPT!Q ri OF " :F ,b; iN PIA,- l
TORAGE"
5576 DISP
5575 READ 05, 1
5580 PRINT *S;NamesPictb1sC esddh.c N rNr.r.:.rT~ck-b tbA1,1ljcs.
Sol

5585 FOR 11 TO Nrig
5590 PRINT e5;It,.'.., IYI,TjU),P,, 1',Rjc'
5595 FOR Ji TO 4
5608 PRINT *5;N1UI,

5665 NEXT J
5618 NEXT 1
5615 PRINT S5;END
5626 ASSIGN #5 TO ,
5625 PRINTER IS 6
5630 PRINT LItI2,"THE CIRCUIT LISTED BELOW IS STORED UNDEP THE FILE NAME ":CHFs(132) ;Names;;CHP.s ia.
5635 PRINT LIN( 2.),SPA,25" ,Plt lbl.LI2
5640 PRINT SPA(25),"$AVE FOR YOUR RECORDS"
5645 PRINT "

",LIN' 2)

5650*PRINTER IS 16
5655 DISP
5666 RETURN
5665 Error:'
5676 BEEP
5675 WAIT 300
5688 IF EPRN*56 THEN Err nnme
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BOARDS .. DATA INPUT VFOP THEPIELE2,

5665 PRINT L1144c .6A( 10,-, SEgVOR NUMBlER; ,EPF1i; "HAS OCIJRPE: IM L!NE';EFRL; .PR

ESS CON? wHEN RERD'i'
5696 DISP
5695 DEEP
5760 PAUSE
5705 RETURN
5710 I

5715 Err nhot:'I TnI SECTION FOPF IMPROPEP FlIS NAME
57263 PRINTER 13 16
5725 PRINT PACE
5730 MsuAS-".:UA1ULT MA,: T F-E
5735 FOP 1-2 TO LEt-ixNbidS
5746 IF NceIJ vTHEN 5755
5745 PiEN? 1
5756 GOTO 577;j
5755 MsuzjsNPi.-tcI)
5760 CAT MstisS
5765 COTO 5775
5770 CAT

5775 PRIN4T LI4(2' .CMFS' 132 ';rIkri4( 1.1 ;N5I?: 12NT tomo 1;',25'"$ -. tr, t

at spaIIng............ 1
'5786 PRINT LINK-1 1., 'CHE'.I OVER THE DIPEC7ORY ADOYlE FOP C-OPPECT NHIE .......

5785 DISP "PSE',.S CONT W4HEN READ,
57,)6 PAUSE
5795 RETuRN
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APPENDIX D

10 THERML ..... THERMAL ANLYSIS PRO;RA! M OR .....

30
40 ***4**********.*** THERMELEX
50

6 A SYSTEM OF PROGRAMS FOR THE HP 9845
70
s0 TO PERFORM THERM1L An;AL'SIS OF ELECIPONIC CIRCUIT B OARDS
90

110 I 4
120 * 

*130 * PREPARED AT THE hN!VAL POSTGRADUATE SCHOOL MONTEREY. ' l
140 w 4
150 R f. A. FOLTZ LCDR USN *

160 *

170 - Ilt! THERML l....... .UNE I$,60 t

190
200 OPTION PASE 1
210 PRINTER IS 1':
220 DIM S C C70 3, T, ,S 0: 14 M, I-2,. 2 , Ylb 1, 1[25 )
230 COnr M ap.'ane ,P,: lbl.IC5AI,'a,3.eIISO 2.dl.$,h,.Sa Th ck _,T e., m ol ,A',t , I I
240 CoM " HOFT :,50'. ,Q T., 5), Pw50'-j P_,:S0
250 COM INTEGER I,'pet5O:,nI'.4,$Wi N:.rr~re;
260 INTEGER NpinK 15)
2 70 SHORT Ae(O),Re_.:o:rl 50S Rc -c ,nv(50",7Rtct e b 50.Rtc.p r(SCO,",RI 4.5,ReiPe '5
0) , Pb c on. 50.
20.0 SHORT Widea! 4,Le i4
290 SHORT Le( 0).NeSO.H.(5L3.Te:50,T ir/50 ,A(5 ,P.(!.fTb50'
300 MapmINT'Map)
310 IF (Map=O) OR ,Map.,.3 THEM 'lldplct
32 .t art cue r O N N Ma p 1OTO 01. p ct , Thera, a The ra l
330 GOTO Oldpict
340 Oldpice: GOSUB Error
350 Ol dpi ,* : ! THIS SECT1 .3N PETFIEYES A !OAF I, ES.RIPTI, , iFF A MP -. S7C A';:GE DE".

ICE FOR THE Pj:'FROSE OF :iEIJGGIr.: THERMAL
360 ON ERROR GOTO Oldpicte
370 OldesPI

3 0 S='P.C'AD DE';CIPTION FFOM MFiSS STOrAGE DEvICE"
390 GOSUD Pagehead
400 PRINT " You have choser, to inpu.i thE irc. t board de criptOn it, THERM
L directly"
410 PRINT "from a mass itorac. ,:vice. This programn in the THERMELEX . i
I I NOT
4.2 0 PRIHT "'alIow, raphic:al dat a :heckin, g and whil .e faster, there is the chances
that the"

430 PRINT "data is incorrect. If vou decide that it ould be bitter to check
he data"
440 PRINT "press KO (.Pack _up> and OARDS will be 1oadei tro,, the DEFRULT ma
ss storage urit .
450 PRINT
460 PRINT "A The d1 ata f ile : cn. air. ing thi b.:. ard d-Escript ;on mui t  h ave bee. n st
orJed by "
470 PRINT "this program. Ent-er the data f ile name below, be st re to iclude 'h
f mla As
480 PRINT "s,,:.r age unit specifier if nee'ied. =.g :T14,:FS,:'12 e'c
490 PRINT LINI,," Do NOT use quotes"
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THERML .. THERMAL ANAL"S IS FOR THEPMELE::

500 EDIT "UNDER WHAT FILE NAME IS THE CIRCUIT SOAPID FILED -'changqe cr enter be lo

w)", NameS
510 IF NaIeS-3AC _UP" THEN 153
520 COTO 550
530 MaplI
540 LOAD PBOtIR'S", 1
550 ASSIGN 01 Ti) Name4
560 READ 01.1
570 READ a;aei:~laedjc.~,yr,'ik_,blKe
Sol
580 FOP 1-1 TO Nreg
590 READ i;I''e .(.,(~T.)PwIjcl
600 FOR J-1 TO 4
610 READd;N(I'
620 NEX:T 1
630 NEXT I END OF OLDPICT
640 !
650 GOTO Thermal
660 Thermal e: GO'SUB- Error
670 The rm al THIS SECTION IS THE MAIN INPUT AND CALL I~ NO OUT I E
680 ON ERROF GOTO The crrale
690 55=" THE~rMAL. A1NAiL, S I' OF"
700 GOSUB P age h e iio
710 PRINT TA2,1-.7-LEN<'PcTIblIV, HZ IS:cllsC~1SiLtt.
720 PRINT ' This setctioni az-sumes ,ou have ':opIletilvj and1 correct i- elcriLoed
the board"
730 PRINT 'ts1 .You wi 11 be asked quest iors concerning ONLY the er.vi ronrf, '1?

740. PRINT " The first questsn; are conerned with 'hi co-ol ing air iar'
RecallI the"
750 PRINT "direction of air flow. on the graphics pictu.re ;-- assiumed to te- left
to right."
760 PRINT "The clearance bericen the boards is used. to~ determine 'he 'e.ci'0
f the
770 PRINT coi';air.",LIN(2)
780 Anlsi"20"
790 NlapO0
800 INPUT "ENTER THE INLET TEMPERATURPE OF THE C-OOLING AIPF-deg C) ",A~nsl
810 IF AinsS-"BACK-UP" THEN St 3rt_,over
920 Tair-VAL'Ansi
830 PRINT " INLET AIR TEMP Tair=";Tair:"d-E- C"
940. Tal rTai r+2?3 ALL CALCUJLATIONS DONE IN ABSO0LUTE TE, P
950 Ans=" .0005"
960 INPUT "ENTER Th-E AIR SUPPLY PEP BOARD'MSSC)"As
870 IF Ansi=:"BACV UP" THEN Thermal
980 FairYVAL'Ansi)
890 PRINT ' FLOW RATE OFAI=Fi;"3'Sc

910 INPUT "ENTER THE DI-STANCE FROM THE FACE OP THE BOARD: TO THE NE~xT OBJECT

90ZbVYAL(AnsS)
90PIT" BOARDSA:N=";;'m

950 Zb-Zb*.001
960 Ansi-HU1LL"
970 INPUT "ALL 01 ,. .PRES;S CONT ANY ENTRY FOLLI:WED BY CONT WILL ALLOW REENTF
Y OF ALL" ,Ansi
990 IF Anisi-NULL" THEN 1O0

(2)

118



THERML .. THERMAL ANALYSIS FOR THEPMELEX

990 GOTO Thernml
1000 S$-"CONVER:EN:E CRITERIA"
1010 GOSUD PXghead
1020 PRINT " Convergence is indicated by successive i ter&tions that result I,)
el|ement

1030 PRINT "temperatures that differ only by some small amount. Each element te
aperature"
1040 PRINT "is compared to that lDotained in the preokiou4 itteration arid if the I
argest *

1656 PRINT "difference is less than a maximum specified error, results are print
ed."
1060 PRINT
1070 PRINT T,.pically two or three itterations result in a maximum differerce
on the"
1686 PRINT "order of one degree centigrade when solving for temperatur-s and tou
r or five"
1090 PRINT "itterations ,.ill result in a ma;imum difference on the order of .1 W
att when "
1100 PRINT "solving for pcoer!."
1110 IF Tem sol=l THEN An:;="5"
1120 IF Tem soli=G THEN %;-"1"
1130 IF Tem solsi THEN ItlPUjT "ENTER THE MA:'IMUM DIFFEREriCE BETWEEN ITTERATIONS
deg C) DEFAULT-.5",AnsS
1140 IF Tin sol= THEN INPUT "ENTER THE MA.:2MUM PERCENT CHANGE BETWEEN ITTEPATO
NS (Watt) DEFAULT=11' ,An;S
1150 IF AnsS"BACKUP" THEN Thernial
1190 Errmax-ABS("RL Ar,3'))
1170 GOSUB Database I THE FOLLOWING LINES FORM THE MAIN CALLING ROUTINE
1180 GOSUB Cal.o
1190 GOSUB Cal,:1
1260 GOSUB Cal,: air
1210 GOSUB Calc t
1220 GOSUB Calc2
1230 GOSUB Debug
1240 GOSUB Sol,'
1250 GOSUB Units
1260 IF Domb1 THEN 1290
1270 GOSUB Output
1280 GOSUB What now
1290 IF Map=O THEN ,;OTO Thermal
1300 GOTO Oldpict
1310
1320 END OF THE MAIN CONTROL SECTION OF THE FoOGRAM THEPML
1330
1340 i
1350 Database: IN THIS SECTION MANY OF THE CONSTANTS U3EB IN THE CALC:JLATICNS
1360 I ARE READ IN FROM THE DATA LINES BELOW
1370 DISP "WOPKING Ol NON-CHANGING PAPAMETEF5"
1380 PRINT PAGE
1390 Rxpin=4.3E-7 'X-SECTIONAL AREA FO' PINS '.M..l,
1400 Rspin=IE-5 !SURFACE AREA FOP PIHS M,'.,
1410 Beta-3.33E-3 !VOL COEFF OF E*:PR. AIR .,I de K' AT 3O dig K
1420 Cpa=1.006E3 'SPECIFIC HEAT OF A:' 'WATT-ECbg-,.I)
1430 Dis$.001 !AVG DISTANCE FR:,i EOTT.ti OF ZIF TO BOARD
1440 Epsb*.S !EMMISIVITY OF THE SuRFACE OF OARPD
1450 Epse=.9 !EMMISIVITY OF THE DIP SUFFACE
1460 Ga9.S1 !GRAVITY kM/Sec "2)
1479 Gnu=l.684E-5 !KINEMATIC VISCOSITY AIP ,Mt,2.Sec)

(3)

119



THERML .. THERMAL ANALYSIS FOP THERMELE.,-

1480 Hec-.003 'HEIGHT OF CERAMIC DIP PACaAGE --.. ~~IIIcheck
1490 Hep-.0O5 !HEIGHT OF PLRSTIC DIP PAC$AGE ... I CHECK
1500 Ks-59 ITHERMRL COND OF 'STEEL kWATTS. M-deg K,
1510 Kair=.02 'THERMAL COND OF RIF: cWATTSM-d ,; K, 300 dog K
1520 Kpin-334 !THERMAL CCiND OF PIN4 (WATTS/M-deg K

1530 Lpin-.0QZ5 'AVG LENHT OP F'It$ .Mt
1540 Mu-1.983E-5 'DYNAMIC 'VISCOSITY :O0 K 'Kg M-3ec)
1550 Pr-.703 'PRANDTL NUMBER (AT SOOdeg K)
1560 Rho-i. t774 'DENSITY OF AIR AT 3i00 K ,KgrM"3)
1570 Sig=5.67E-3 !STEFF-N-BOLTZMAN kW/M^2-deg K"4)
1580 Itt-C
1590 RESTORE 1-360
1600 FOR Isl TO 14 THIS READS THE CASE WIDTHS FOP EACH TYPE
1610 READ Wideset'I)

1620 NEXT I
1630 DATA .25A. 25,t.5..55.1 25.0.0. .6,1, l. 3! .43.. ALL IN INCHES
1640 FOR Isl TO 14 ' THIS READS THE CASE LENGTHS COR EACH TYPE
1650 READ LenietI)
1660 NEXT I
1670 DATA .725,.25,.,?Z5. . 7. 55.0,0. 1,.6,.18,.35,.4S,.72 A ALL IN INCHES
1680 MAT Widei.-=2..4).W ,dCet I CONVERT TO in,

1690 MAT Lenzet=Z5.4,-L ret
1700 FOR 1=1 TO 14 THIS READS THE 4 OF PINS FOR EACH TYPE
1710 READ Npir,(I)
1720 NEXT I
1730 DATA 14,14,6.1,.24,24.0,0,20.20.16.24,40.64
1740 FOR 1=0 TO 14 I THIS READS THE CRE LAPELS FOR EACH T'PE
1750 READ T,,pe$I)
1760 NEXT I
1770 DATA EMPTY,DIP 14,DIP 14.DIP 16.DIP 16.DIP 24,DIP 24.NULL,NULL,DiP 40,DIP 4
0,FLATI6, FLAT4. FLFT40. FLA T64
1780 FOR I1l TO Nreg
1790 IF Itpe I THEN 1%-;0
1800 Le(I=Len-e. It.p ' It.
1810 We(I)=W ,d.et,:It.,.pFe In.

1820 GOTO 1840
1830 We(I)=Le. I)=
1840 NEXT I
1850 IF Tern so-i THEtH MAT T2'3=.AO INITIAL GUESS FOP TEMP CASE * 27 .- , C
1860 IF Tern sol=0 THEH MAT Po.,= .25., INIT:PL GUES,:, FCR FOWER - .27. ;t
1870 MAT Le-(.001)WLe
1880 MAT Le=(.001'4We
1890 MAT X=<.001>*X

1900 MAT Y=(.001.,*Y
1910 MAT AeLe. We
.1920 MAT H=Hec

)  ASSUME ALL CERAMIC MAKE CORRECTIONS AS NEEDED IN '3kI cO
1930 Bdl-Bdl*.01
1940 dh-Bdh*.001
1950 Aregadl*Pdh/nIreg
1960 Hr-Boh/lyr
1970 Lr-Bdl/Nir
1980 Thick b-Thick _b*.001
1990 Al-Al"1;E-6
2000 RETURN END OF DATA?ASE
2010 !
2020 CaI0e:GOSUE Error
2030 CalcO:' ON ERR,., GO TO CRLCOE
2040 PowtotNigHev.,,a)gm,
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THERrIL THERMVAL ANALYS IS FOP THERMELE:

2050 FOR 1-1 TO Hr.;
266 IF CaseiC111 " THEN HC(I)=Hep
2879 IF Itype(I)=0 THEN 2120
2088 Pow totu-Powtavf VI
2090 Weavg=We.ag We( I',-. 0C) I Nrt; I AVG. J:DTHCLZIG 14
2106 Heavg-He av;."He - I ,-LPrIn~ Nreg AVG HEIGHT ItiCLUNNGH) FINS
2118 Havg-Nv.;1,NrI NUMBER OF ELEMENTS 1I AN AvG; CROSS SECTION
2128 NEXT I
2130 Rai rxldh*b-ti..g-w. a-g-H4 1-
2140 Porim2. iv4>N l'*He
21580r1!<~~~2.d-.biPn ROUGHNESS FACTOR
2168 Dhs4*Aair',Pernm
2176 Vai r-Fai ,Aka~ir

218 Re-Vai r.Dr -. nu
2190 IF Re',1000 TMENh . 2Kar/hPe'SI TURBULENT AT 1000 DlUE
22663 TO MANY TR IPS OF -fP
2210 IF Rit<-1800 THEN Hb?5.4O.Kar.Fr'flh ILAMINAR FOR 1 Gz:. .5
2228
2230 Ri hrl -KIASA
2240 Ri var-Hr-KlAE.SA

2258 Rb ho:r=Lr'.A b Hr-Thk.b)
2266 Rb versHr'Kbltre-rThlck-b)
2270 RETURN 4END OF CALCO
2288 1
2298 Ca1c1e:GC"UP Erro~r
2308 Caic 1: I THIS S-ECTIO-N -0MrlJTES 'SOME OF THE NO-HNIGPAP t'ETERS
2318 0ON ERROR GOTO C&!cle
2320 FOR Is1 TO Nreg
2330 1 BELOW HEPE WE :ALC"JLATE THE CONVECTIVE LO'SSES FOP EAI:H SOAPFD FEG;:cr
2346 IF x >:,oTHEN 2350M OUTSIDE OF THE DEVE CP1E4T REGIO"N
2358 Gz-ReCr*lh -, .*
2360 Hb-.6064-Kk 1~ ,-I. 1.01. -30P, t;=+ 1k7. 3+S'P PerG:),/Pr..-Fr I E-1 13.45 NU:E
& KATZ LAMINAP 1H4 DEVELOPMENT REGION
2376 IF 1G.05THEN 2350o
2386 GOTO 2400
2390 Hb-Hbf
246800 ttZ-r;A
2410 Rb cony.i~ I1 HL-Ara.;t.-:?t
2428 !NiOW WE GET TO THE ELEMENJTS- ON THE BOARD
2430 IF Itype-.l)0 THEN L64O IF NO0 ELEMENT THEN SET "MeY HIG;H REEISTANCE
2440 IF It~yp4'lI)81 THEN. 240
2450 DIs=.1.Dis
2460 Lpir..Lpin,
2476 Asp in-.1I.Alsp in
2480 Rp insc aond= Lpi n , 'r n Aupi n.-tip i m tp I'
2496 R;apc cond=Dli sI'Ka ir *A.? I'
2508 IF Ip.' tTHEN4 2Z40
2516 Dis-10.Di;
2528 Lpinnl0*Lpin
2530 Aspin=10Rapin
2540 R odIspr c~*;pcr'Fi~_:n.;p*~i
2550AbasI.2qIH4Acnrpnnp.
25603 Heblas-Hb
2570 IF 1<6 THEN Hb I -Hb.
25880e~~1'Hb~.bk
25980etg.7k~.R-4Sf~~r.sv.nl
266800 g~W. H '
2618 Restag=1/<xest &g'Aan g;
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2628 Re convkI)=Reblas*Restag/KPebl&a Ris-tg)
2638 G00 2660
2648 Re conv()IE30..
2658 Re conddl)1lE30
2668 ! BELOW HERE CALCULATE THE BOARD CONDUCTI ,-t PESISTANCE
2670 J1 I HERE IS BOTTOM OF REGION
2688 IF ItNxr'=Nrag THEN 2720
2690 IF NlkJ,I)=0 THEN 2740
2788 R1(J,I)sRl ver.Nl(J$,I)'Rb ver.'(R1 ver'N1'.Y,1) Rb ver)

2718 OTO 2750
2720 RI(J,I)=Rb_ver'2E-40
2730 OTO 2750
2740 RI(J,I)=Rb-,.ver
2750 J=2 I HERE IS RIGHT SIDE OF REGION
2760 IF I MOD NxrO THEN 2$00
2778 IF NH(J, I =3 THEN 23.20
2788 R (,I)RIhor-Nl(,I*Rbhor(Rlhor/Hl(J,I)+Rbhor.
2798 OTO 2930
2808 R(J,I)=Pb-hori2E-40
2818 GOTO 2830
2828 R1(J,I)=Rbhor
2830 3=3 I HERE IS THE TOP OF THE REGION
2840 IF I<NAr THEN 28G0
2850 IF Nl J,D)=0 THEN 2900
2868 RI(,I)zR , Ner. NIJ,,I ,Rer' PI ver.'N)(3, >,Rb ter)
2978 0OTO 2910
2888 Rl(3,I)=Rb_,er'-2E-4r
2890 OTO 2910
2908 R1J,I)Rb ,.r
2918 J4 I HERE IS THE LEFT SIDE OF THE REGION
2928 IF (1-1) MOD N:s,-=0 THEN 2960
2938 IF HI(J,I)0 THEN 2980
2948 R(3,I)=R1 horiN1tJ,1 *Rb hor-(R1 hor/N1(JI)+Rb ho,
2958 0OTO 3000

2968 RI(J.I)=Rb hr.-,E-40
2978 OTO 3000
2988 RI(J,I)=Rb hor
2998 0OTO 3810
300 Rb corv(I)=l"Hb*Aregtot)
3018 NEXT I
3820
3838 RETURN ! END OF CALC:
3848 !
3858 Calc te:GOSU Error
3868 Cakc t: THIS SECTIOh DETEPIINES SURFACE TEMP F~or JUNCTION TEtIP AND j_:
3878 ON ERROR GOTO Calc te
3888 IF Tem sojaI THEN PETIJFN
3098 FOR 1=1 TO Nreg
3188 Te(I)Tj(b-PoweI *Rj -cID
3110 IF Te<I)<T.ir(I>'I.1 THEN TI)-Tair(l*1.1
3120 NE:<T I
3138 RETURN 'END OF C&Iact
3148 Calc2e:GOSUB Error
3158 Calc2: I THIS SECTION CONTAINS THOSE PARAMETEPS WHICH CHANGE WITH TEMiPS
3160 ON ERROR OTO Culc e
3178 DISP "WORKING ON CHANGING PARAMETERS"
3188 FOR 1=1 TO Nreg
3190 IF Itype(It,0 THEN 1230
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THERML THERMAL ANALYSIS FOR THERMELE%

3289 Rtop-r(I),,E50
3210 Rgap r .adalE50
3220 GOTO 3250

3239 Rgap rhd(EpiEpsb-Eps 4*C, Epsb()4*SIg.Eps1EpE>(I .TI) '3e)4T
3240
A3)
3250 Rtot. b(I)uRgap rad Pe ,ond(I)-"Rgsprad Re c.rdi! *)

3268 ReMI)Re cnv<I),.:ote D I I MUST BE SUM FOR ALGEBRAIC REASONS
3270 NEXT I
3280 RETURN END OF CALC2
3290 !
3300 CaIc aire:GOSUE Error
3310 Calc air:' THIS SECTION FINDS THE AIR TEMPS FOR EACH REGION BASED ON POWER
3320 ON ERROR GOTO Caic sire
3330 Cfr=Cpa*Fair Pho
3340 Powtot0
3350 FOR I-1 TO Nre;
3360 Powt ot -Pow ot *Powl:. I)

3370 T a i r( I )-T a i r+. 5*Poj( I )*Nr-i"r
3389 IF (1-1) MOD Nxr-0 THEN 3420
3398 FOR KI-I TO I-(-i) MOD Nxr STEP -1
3408 Tair("I, Tair I )+Pow, K)*N.;r/Cfr
3416 NEXT K

3420 NEXT I
3430 ToutTair+Powtot,/Cf'r
3440 RETURN I END OF CALC AIR
3458 1

3460 Solvee:GOSUR Error
3478 Solve: I THIS SECTION SOLVES THE PROBLEM
3486 ON ERROR GOTO Solvee
3490 DISP "WORKING ON1 SETTING UP THE MATRIX"
3500 It%-Itt.+i
3510 DEEP
3528 WAIT 300
3530 DEEP

m3540 GOSUR Set-up
3550 GOSUB Elu
3560 Err0-
3578 Tmax=O
3580 Pmrin100O
3590 IF Te osl-I THEN 3730
3600 FOR t- TO Nreg
3610 Pnew=( Te I ) -EI;' RtIot. eb (Ie Te'":I -Tai rm " Re ,con,.,,"I)., C(Te ( I-I) ? 'P t
oDp ( I)

3620 IF Pntw<0 THEN Pri=Pow(I)/2
3630 IF Pnew<Pmin THEH Pnin:F=,Few
3640 IF ABS((Pow(I ,-Pnew,)-Pow,I)'>Err THEN Err-FiS(,Po,Il)-Pne,,)'Po,(I))
3650 Pow(I):Pnew
3660 NEXT I
3670 Tmax'-500
3680 MAT Tb-B
3690 IF Err<ErramwO.10 THEN 3840
3760 GOSUR Calc t

3710 GOSUR Cal _air
3729 GOTO 3920

3730 FOR 1-1 TO Nreg
3740 TAe-,Pow'-Ptot b:,*Re convI>'?(I cRe .:n,:I)4Tir(I *Pt b(I),
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THERML .. THERMAL ANALYSIS FOR THEPMELE<

3756 IF RS(Te(I)-Tncwr'Err THEN ErrwABS.TeI)-Tnw)
3760 Te(I)sTnew
3770 Tj(I)xTe(I)*Pow l)*Rjc(I)
3786 IF TjQI)>Tmax THEN TmxsTj(l)
3790 NEXT I
3800 Prun-0
3110 MAT TbsB
3920 MAT A-ZER
3930 IF Err>Errnma/ THEN $920
3848 DISP
3850 FOR C-1 TO 4
3860 BEEP
3870 WAIT 90
383 BEEP
3890 WAIT 150
3900 NEXT C
3918 RETURN
3920 GOSUB Ternpprint
3930 IF (IJt>30) OR cErr>200) OR (Tout>400) THEN COTO Bomb
3940 GOSUB CalcZ
3958 COTO Solve END OF SOLVE
3968 1
3976 Set up:! THIS SECTION SETS UP THE Hreg SIMUL EQUATIONS IS MATR.:< FORM
3986 FOR I- TO Nreg
3990 IF TtmzolO THEN D.I)=Te(i)'tte b(I)+Talr(I)'Pbcon ufI)
4000 IF Ten solI THEN S.D=(Pow(I)*Re conv<l>+Tarr(I)Y'ReleKI)+Tair(I)'Rb cor.(
I)
4010 Ledge-Reige=TedgeBegea1
4020 IF (I-) MOD NxrtO THEN Ledge-2
4030 IF I MOD Nxr-0 THEN RedgeZ.
4048 IF I<Nxr- THEN Tedge-2
4056 IF I+Nxr -Nreg THEN Bedge*2

4068 IF (1-t) MOD N.r=O THEN 460S.
4070 A(I,I-t)-I/'4,I)
4880 IF I MOD Nxr=0 THEN 4160
4090 A(I,I+t)-1'Pl(2,I)
4100 IF I<=Nxr THEN 4120

4116 A(I,I-Nxr)s-I/Rl,3,I)
4120 IF I+Nxr;sNre, THEN 4140
4130 A(I,I+Nxr):-1 Rl(1.I)
4140 A(I,I)a(Dedgest)/P1(1,I)..'Redgesl'/RI(2,1)4(Tedges1)KP1(3.I +(LedoestRW<4
,1)+l'Rtote bdIY .. Rbconv(I)-Ten sol.I).Pe con, I).'CReleyI)#Rtt bAI))

4150 NEXT I
4160 RETURN I END OF SET UP
4170 1
.4180 Elu: ! THIS SECTION PERFORMS A LU DECOMPOSITION OF THE 'AMATRIX
4196 DISP "WORKING ON ITERATION NUMBER ";Itt

4200 Nml-Nreg-1
4210 FOR K-I TO Hnml
4226 KpI-K+t
4230 FOR I-Kpl TO Hreg
4240 Cs-A(IK)/ KK)
4250 A(I,K)-G
4260 FOR JvKpl TO Nreg
4270 A(I,J)=R(1,J)+G*R(K,J)
4286 NEXT J
4290 NEXT I
4309 NEXT K
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THERML THERMAL ANALYSIS FOR THERMELEX

4316 Solver: ! THIS SECTION SOLVES THE NEW MATRIX AND PLACES THE ANSWERS

4326 HpluNreg4I I INTO MATRIX B TO BE PASSED BRACK TO SOLVE
4330 FOR K-1 TO Nm1
4340 Kpl=K~l
4350 FOR ImKpI TO Nreg
4360 R(I)=R(I) A(I,K).P'K)
4370 NEXT I
433 NEXT K
4398 b(Nreg)s8(Nreg).'AtNreg,Nreq)
4400 FOR K-2 TO Nreg
4410 I*Npl-K
4420 J1=I11
4430 FOR Jal TO Nreg
4440 R(IS8(I)-AI,3;'E',)
4450 NEXT J
4460 8(1)a3(I -A(II)
4470 NEXT K
4480 RETURN I END OF SOLVER
4490 Temp_print:! THIS SECTION USED FOR INTERMEDIATE OUTPUT
4500 EXIT GRAPHICS

4510 IF (Temprt=l) AND CAn=PI.' THEN PRINTEP IS 0
4520 PRINT SPA-'10 ,"DATA FOR ";PictlblS;" e';Itt;"ITTERRTION"
4530 PRINT LIN(2)
4540 FIXED 2
4550 PRINT "PEG # Tcase 'DeoC) Tjure (DeC) Treg (DegC) Pow
() R.j-c<W/C "
4560 FOR Imi TO Nreg
4570 PRINT I;TAB 12,TC(I)-273;TARB(26),Tj(I)-273;TAB(41lTb(I)-273;TRB(52),
Poc(); TAB<62 ,RJ _c(.I)
4580 NEXT I
4590 PRINT LINt(2)
466e PRINT "BOARD THICKNESS=";1000*Thick bV'"mm AND CONDUCTIVITY *";Kb;"4at,
ts/M-K"
4610 PRINT
4620 GOTO 460 1 PRINT " I RBCONV RE CON'V' TE Hb"
4630 FOR 1=I TO 5
4640 PRINT USING 466O;I,FbonjtI),Reconv.I),TeI)-2?3,Hb'i)
4650 NEXT I
4660 IMAGE DD,4X,4(4D.4D,4X)
4670 PRINT
4680 FIXED 4
4690 PRINT "COOLING RIP FLOW OF ";Fair;'"M-? per SEC 'ELa";Vtir;"M.$ec","'";
Vair.39/3;"FT/S)",LIN(I)
4700 PRINT "INLET AIR TEMP=";Ta'r-273;" deg C OUTLET AIR TEMP=";Tout-273;'">e
g C"
4710 PRINT LIN(C),"LARGEST DIFFEREt4CE BETWEEN ITTERATIONS -";Err;"*****"

4720 PRINT 
"

" ,LItl42)

4730 PRINTER IS 16
4740 STANDARD
4750 RETURN
4760 Debug: Anas*"N"! TEMP DEBUG FOR RESISTANCES
4770 RETURN !

4790 INPUT "DO YOU WISH TO HR'.,'E A LIST OF ALL THE RESISTANCES PRINTED ,NO or YES
)? ,Rnss
4790 IF UPCI(Ans$11ls"N" THEN RETURN
4900 PRINTER IS 0
4810 FIXED 5
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4820 PRINT PEG RE COND RE CONV PTOTE P RTOP P RE
CONV
483e FOR l1o TO Nreg
4840 ! PRINT TAB ),1,TRB 4',Rton(I)TR34';R. con'(I),TA3(4),Rote b(I) TAB

4850 PRINT TRe,I;Rt .ond':Re cc, I';Rtot, b1';Pop rI';Rb .onv I)
4860 NEXT I
4870 PRINTER IS 16

4088 STANDARD
4896 RETURN
4980 Units:! THIS SECTION CONVERTS FROM METER TO rum
4910 Bdl-10OOO-Bd! HER-- CORRECT Q1tITS FOR USE IN CRAPHICS AND TO REWORK ANAL'SIS
4920 9dh-1000-BJh
4930 MAT X-(1000),X

4940 MAT Y-(1000.' Y
4950 MAT LLe,.10O',+L*
4960 MAT W*=k100.o*W*
4970 Thick baLOOO.Thi:k b
4980 A1A1*1E6
4990 RETURN END OF Uni

t
s

5000!
5010 Output.: COSUB Error
5620 Output:! THIS SECTION OIJTPUTS TO GRAPHICS ON A BLANK BOARD
5630 ON ERROR GOTO Outputi
5040 PLOTTER IS "CRAPHICS"
5050 GRAPHICS
5068 MSCALE 0.10
5070 CSIZE 2
5080 LORG 5
5090 MOVE 18,138

5100 LABEL "---air flow -
5110 CSIZE 3
5120 Bdh*Bdh/Sc:a
5130 BDd / Is:a
5140 IF Sca=1 THEN 5220
5150 LORG 6
5169 LDIR Pl.2
5176 MOVE 175.70

5186 IF Sc>1 THEN LABEL "THIS PICTURE I$ I' "SVL$I:a'
' $I:E"

5196 IF Sca 1 THEN LABEL "THIS PICTURE IS 2: SIZE"
520 LORG 5
5210 LDIR 0
5220 MOVE 100-LEN, "-UTPUT DATA FOP "I.Pictlb1- s,2,135
5230 LABEL USING "K";"OUTPUT DATA FOR "Y.PirtlbIS
5240 MOVE 0,0
.5250 DRAW O,Bdh
5260 DRAW Ed I, B~h
5279 DRAW Idl,0
5280 DRAW 0,0
5290 LINE TYPE 3
5300 Lroudl/Nxr ! LR - LENGTH OF EACH REGI;N
5318 Hr=Bdh/Nyr NR - HEIGHT OF EACH PEGI. N

5320 FOR lot TO Nxr-1
5336 MOVE I*Lr,0
5340 DRAW I*LrBdh
5350 NEXT 1
5360 FOR l11 TO N~r-1
5370 MOVE 0,14Hr
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5360 DRAW Ddl,I.Hr
5390 NEXT I

5400 LINE TYPE 1
5416 LORG 8
5420 NaO
5430 CSIZE 2.4
5440 FOR I1 TO Nrq; 4
5450 MOVE XI)-.35*Lr.Y(I'..35*Hr
5460 LABEL USING "V";'ALS%1)

5470 MOVE X(I'..Lr,YI +.5*Hr
5460 LABEL USING "K";TvpcSIyp.tI'i
5490 IF It~eRI~.-O THEN 570
5500 IF T I)-273.'5w(T ,.-3' THEN LAPEL USING 5610Tj(I)-272
5510 IF TJKI)-2 .3.T,&-27>. THEN LABEL USING :Tj(I"-27
5520 IF PO I <)' 1.05-Pmn THEN LABEL U'EI4G [6O:PoaI.
5530 IF P~4) ~ THEN4 '-,;EL USING P'I
5540 LABEL USING 3610%T.* I.-Z73
5550 GOTO 5590

5560
5570 LABEL USING "K";""

5560 LABEL USING 5-;1;Tb(1)-7S
5590 NEXT I
560e IMAGE "+*",DDD.D," C"
5610 IMAGE DDD.D." C"
5620 IMAGE D.DDD " W.

5630 IMAGE 4*.',D.DDD." W"
5640 FIXED 4 P,

5660 PRINTER 15 0

5670 PRINT SPAR20,P
5660 PRINT SPA(. .)."
569e PRINT SPR(LO,," TYPE EMPTY"

5700 PRINT SPA'O), T ur,c or
5710 PRINT SPA,20)." ROW Tboard
5720 PRINT SPA(20,' Tcas
5730 PRINT SPA(20),_
5740 PRINT LIN',2
5750 PRINT SPR.14';" FLOW RATE VELOCITY Tin Tout

5760 PRINT USING A T;CO ,'i4G "IR "Fair-; 'NI 3.Sl c;'.' 1;"M$ c;T r'- 3;'
deg C";Tout-273;"d.g C"
5770 STANDARD
5780 IF Tem soi=0 THEN PRINT USING 5510;"LARGEST CHANGE IN POWER BETWEEN ITTEPAT
IONS *";Itt-l;" AD -;It;" ";Err
5790 IF Tm sol=l THEN4 PRINT IJI4G 5l10;"LAPGEST CHANGE IN TEMP BETWEEN ITTEPATI

OHS *";Itt-T;" AND *";Itt;'" ";Err
5800 IMAGE 1lA,2X,.4DTA,2X,DD.4D,5AZ<,3D.D,5A.2X,3D.D,5

5610 IMAGE //45A.DD,,A,DD,A,DD.4D
5620 ! MORE OF THE CIRCUIT DESCRIPTION CAN BE PRESENTED HERE
5630 PRINT LIN(1),"CIRCUIT BOARD DESCRIPTION 1S STORED UNDER ";CHRs 132':Nn $;
CHR$(128)
5640 PRINT 

"

",LIN(2

5850 PRINTER IS 16
5860 EXIT GRAPHICS,

5870 RETURN END OF OUTPUT

5980 1
5690 What r-now:GO$SJB Error
5900 What-now:l THIS SECTION PRESENTS THE VARIOUS OPTIONS AVAILABLE AND DIFECTS

(11)
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5910 PROGRAM CONTROL AS NEEDED
5928 ON ERROR GOTO What nowe
5938 Sl"WHAT NOW '"'

5940 GOSUD Pagehead
5950 PRINT TAB(15.)."You nae completed the ther!a.l anal,$ui of
5960 PRINT TAB(37-LENtPictlDIS'.2.;CHRS(129".;Pictlb1S;CHRS.12S)
5970 PRINT TAEfl',,"the options a.ailable are listed belo,:"
5980 PRINT LCHI) *TAB. 5"1. CHANCE COOLING AIP PARAMETERS AND RE-ANALr:E ' CHP
S( 132) ; Na.seS;CHP'$ t1Z-: ;..". "

5990 PRINT LIN(1',TAg'5","2. SENSITIVITY ANALrSIS FOR CHANCES IN COOLING AIR PA
RAMETEPS OF ";CHRIU1?2Z;Naime;HRP(12):".'
600 PRINT LIN'I'.TAB'5".,". MRKE CHANGCES TO BOARD DESCRIPTION IN FILE NAME ";C
MRS(132) ;NameS;,CHPS, 128);"."
6010 PRINT LINt.,TAP,.5,"4. RETPIEVE A NELJ PT PD DESC'PIPTION FROM A:IASS STORAGE

6020 PRINT LINz.,TAB(5)."5. INPuT A NEW R0cARD DESCP'IPTION FROM THE KEYBOARD."
6030 PRINT LIN<I),TAB(5),"6. TEPMINATE SESSION"
6040 Mapzlom=
6050 Anssfl" 1
6060 INPUT "YOUP CHOICE FPOM IBOVE (1,2,3,4,5,t3)"%Ans$
6070 IF Anu$"BACK UP" THEN RETURN
6088 Ans-INT(VAL(An7

,

6090 IF (Ans>0) AND 'Ans(4 THEN 6120
6100 GOSUB Errin
6119 GOTO What now
6120 ON Ans GOSUB Pedo, SnziChan.;e.Get ne'aje')_new,Terninate
6130 IF Ansi THEN RETURN

6148 GOTO What no',
6150 Redo: RETURN ! THIS WILL ALLOW RESTART OF THIS PROGRAM WITH SAME BOARD
6160 1
6178 Sensie:GOSUB Error
6180 Sensi:! THIS SECTION PRODuCES PLOTS OF OUTPUT VS COOLING AIR PAPAMETERS
6190 ON ERPOR GOTO Sensie
6200 Ss-"SEN$ITIvTY' ANALYSIS"
6210 GOSUB Pagend
6220 PRINT " This section allows you to inoestigate the effects of u.riation.
in the air flow rate. "I

6230 IF Tern aol-I THEN PPINT "Plots of Mao.h, um Junction Teit.perature s Flow Rate
of the air are produced"

6240 IF TemsolO0 THEH PRINT "Plots of Minumu Power 'vs Flow rate of the air are
produced."

6250 PPINT" You specif the maximum flow rate per board (M^3/sec) and five z
eparate
6260 PRINT "analyses are performed and the results ploted. NOTE: selecting a m
aximum flow"
6270 PRINT "that is evenly divisble byj five (5,10,30) will result in better loo
king axes.",LIN'1>
6280 PRINT "These plots may be produced on either the screen (with hard copy, via
Key3) or 

"

6290 PRINT "on a peripheral plotter such as the Hp 9872A. In addition a printed
t Abu I ar"

6300 PRINT "output of the results at each of the airflow rates may be produced."
6310 PRINT
6320 AnsS="NULL"
6330 INPUT "WHAT IS THE UPPER LIMIT ON THE AIR FLOW RATE FOR THE SENSITIVITY AN4A
LYSIS!",AnsS
6340 IF Ans="BACK UP" THEN Whatnow
6350 IF Ansn"N'ULL" THEN 6323
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6366 Ans-ABS(VAL Ans$n)
6370 Xmax-Ans
6388 Xmins8
6396 Xstep(Xax-Xmin)/5
6406 Yin-0
6410 MultinlOgOO
6420 IF Xmax>=.001 THEN MulttO1O0O
6436 IF XmSA>-.Ol THEN MultzlOO
6440 IF Xmax>=.l THEN Mult-IB0
6456 AnssI"N"
6466 INPUT "DO YOU WISH TO HAVE TABULAR RESULTS FOR EACH OF THE A:R FLOWS,?.,N or
Y)*,Ans$
6476 IF AnsS-"BACK_UP" THEN Sensi
6480 Temprtin

6490 IF UPC$(Anih"u'r" THEN Temprtl1
6560 GOSUB Dattfaie
6510 Map-1
6520 IF Ter £ol-i THEN 6550
6538 FOR FairuXma& TO Natep STEP -Xstep

6540 GOTO 6560
6556 FOR Fair-43tip TO Xmax STEP :<step
6566 GOSUD CalcO
6576 GOSUB Galel
6580 GOSUB Cale t
6596 GOSUR Cale2
688 GOSUD Cal_ air

6616 GOSUD Solve
6626 IF Tom sol11 THEN YT~k-273
6636 IF Tem solin THEN Y'Prn
6649 IF Temprt-l THEN PRINTER IS 0

6656 IF Temprtal THEN GOSUB TeRpprint

6668 IF Map-I THEN GOSUB Plot
6676 IF Ans3$"BACK UP" THEN 6450
6686 AnslttMap:O
6690 GRAPHICS
6796 PEN 1
6716 MOVE Fair.Y
6726 LORG 5
6736 LABEL USING "K";"*"
6740 PEN 8

6756 NEXT Fair
6766 EXIT GRAPHICS
6776 DUMP GRAPHICS
6786 PRINTER 13 0

6796 PRINT LIN(2)
.660 PRINTER IS 16
6816 GOSUD Units
6820 GOTO What-now I END OF SENeSI
69830

6846 Change:! THIS SECTION LOADS BOARDS TO ALLCW CHANGES TO THE CPCUIT DESCRZPT
6850 Mapal
6866 PRINT PAGE
6876 DISP "WORKING LOADING BORPD$"
686 LOAD "BOARDS",1
6696 Get new:! THIS SECTION EXPLAINS THE TWO WAYS TO GET A NEW BOAPD DESCpIPTI.)h
6966 S5- IPuT OF NEW BOARD DESCPIPTION"
6916 COSUI Pagehead
6926 PRINT " The new toard description m& .' be read in from mass v.orage in tii
a different"

(13)

129

-!i



THERML rHEFMALI ANAL ':IS FOF THERMELE:

6930 PRINT "programs. THERML -he program in core now, wil I not &I Iow j I ual
checking or"
6940 PRINT ,odiiat ion of descriptive data for the circuit board. The data i

read in*
6950 PRINT "b1t -'..r direct ton but onily quest icr.. eocrin; the onrrrronment C t
rior to the"
6966 PRINT *ircuit board are asked. The sec..)nd method of input from m&ai st..ra

4970 PRINT "the prgram I-OAPDS .'hicn ii lows both Jla checl, ig *hro..gh ;rbpmi,
a and
6990 PRINT "opportr.'t ies to mtolif,, 'he ciescrir' t, data."
6990 PRINT
7000 PRINT R16IA''I EA~D A NEw BC'Ar: zE5CPIF'I'i .jS4NG 'IEPr'L. ric
orri-ct ions;"
7010 PRINT L111-1T3~ *,~ FEAD A NIEW 3rAFD BEi.:PIP-1:.N zN B !O-PDS. alI
Ws. correctlonl-
7620 PRINT LIN2,,' PEMEMBER TH-E THEFMELE,> S.TEM llI..ST BE :N4 THE DEFAULT '1ASS 3T

ORAGE DEVICE"
7630 Anasi"l
7648 INPUT Y~JCHOICE FPOl ABO..E 1.
7656 IF Ans5.'!BAC _UP" THEN .Jhat now
7060 AnsvVALkAn*Si.
7670 IF (Ans?0.i AND Arr 3 THErn 7100
7660 GOSUD Errin
760 GOTO Got new
7106 IF Ans12 THEN 7130
7110 Mapat
7120 RETURN
?130
7140 Mapa2
7150 DISP "WOPOIhl; L AtING B3rAPDS'
7160 LOAD "BOARDS",I
7170!
7180 Ke~,new:1 TNHIS SEC:T:ON LO AD*: ?.AFtS ;4I T HE 1i4TEt17 I,) N P'.T ?4E.- BC-;F: DE:
7190 Map=3
7200 DISP "WOPt'4.G LOAD0I1i BO~ARDS"
7210 LOAD "BOf'FDi'1
7220 1
7236 Tor~inate: I THIi SECTION TEFrlINfTES THE SEiION
7240 GCLEAP
7250 DISP "WOAk IN, LOADlING S~TANDARD O E' DEFFINITIONS"
7260 LOAD KEY "LTDKEY"
7270 PRINT LIN- 20t ,.SPA- 1'5."NOrMAL TErvmINATI)N"
7280 PRINT LI')S'.5. THANK'. Q~j
7290 DISP
7300 END #END OF TEPM 1Nf.TE
7316
7320 Paqehead: I THIS POUTIPNE PLPACES THE PACE HEADI'NGS FOR THE 1N-:TCNSf4
7339 PRINT PACE,TAB' 34-LEN-S. 2,*. HP$. 1Z22.;SS;rFS- u1.:B LI~
7340 RETURNI
73580
7360 Errin:1 THIS SECTION ALERT'S THE USER TO AN ATTEMPT TO INFuT BAD DATA
7376 DEEP
7380 DISP "*-~- INPUT OUT OF RANGE ............... TRY AGAIN,
7396 WAIT 1500
7406 DEEP
7416 RETURN V4E1D OF EFF I"
7420 1
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7430 Error:) THIS SECTION IS THE ERROR TRAPPING ROUTINE FOP THE ENTIRE PPOGPAM

7440 o PROGRAM FLOW PESUMES AT THE TOP OF THE SECTION IN WHICH THE ERROR

7456 1 OCCURED AFTER THE USER PRESSES CONT

7460 EXIT GRAPHICS
7470 PRINTER IS l
7486 PRINT PAGE
7496 BEEP
7500 WAIT 300

7516 BEEP
7520 IF EPRN-56 THEN Err ni,4
7530 PRINT LI1,-0' .SPAIO."EPROR NUMBER";EPRN; "HAS OCLIPRED IN LINE";ERRL;". PR

ESS CONT WHEN READY"
7540 DISP
7550 BEEP
7566 PAUSE
7576 RETURN
7586
7596 Err nr,.*: THIS SECTION FOR IMPROPER FILE NAME
7660 PRINTER IS 16

7610 PRINT PAGE
7626 MiusSs"DEFAULT MAS TO:A:E"
7630 FOR 1-2 TO LEtINafmeS,
7i46 IF Haet$CI.12":" THEN -.6O
7656 NEXT I
7666 GOTO 700

7676 flsuss-Narat il
7680 CAT Miuss
7696 GOTO 7710
7766 CAT
7710 PRINT LI13.''F114 rNi*e " i HOT on ";fr

R$(132);MsusS;CHRS' i;':" with ThV Ip~ lll- .........

7729 PRINT LIN4(1),"CHE,: OVER THE DIRECTORY ArO'E FOP ,:OPPECT NAME OR SPELLING..

7730 DISP "PRESS CONT WHEN READ'("
7746 PAUSE

7750 RETURN I END OF EPF;R

7760 Plot*:GOSUB Err:.r
7770 Plot: I PLOTTING PO'.TINE FOP THE AxES
7786 ON ERROR GOTO Ploti

7790 PLOTTER IS "GrAPNICP '
7800 IF Term 3ol=0 THEN 7SSO
7818 Ystoo-!O
7826 FOR Itwo TO 7

7830 IF Tmax-273>50+1"25 TmEN Yjtepul5I*5
7840 NEXT I
7850 Pltibl5."Tjpn,: '. Air Flo

7866 Ylbl~v"JAr: Tem~p -d*.g C,
7876 GOTO 7940
7686 'stops.1
7896 FOR lot TO 10

7900 IF Pmtn>.5I THEN Yjt4p.lI(I+I)
7910 NEXT I
7926 Pltlbl*'Pmir vi Air Flow"

7930 Ylb$18"Mir P.,,4r *, (Wt??
"

7940 Ym&.1=5(step
7950 GRAPHICS
7960 LOCATE 15,1.O.I0. 5

7970 SCALE :Xftiri,::,mh ,,I, 'm&
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7980 AXES Xst-ap,Yitep.Xrwain,Ytnin
7990 CSIZE 3
8006 LDIR 8
8818 LORG 6
8028 FOR Xpos-,rn'mn TO) :,max STEP Mitep
8038 MOVEXpYtn.lesp
8846 LABEL USING "8<;:poiwMuIl
8858 NEXT :<pos
8660 MOVE 25Ktp- -ie
6070 LABEL USING 'K:;Air-Flow'Board ("&VALS(1'Mult)&' M--3'Sec)"
8080 LORG S
88390 FOR Ypoiuvroin TO Yma ' STEP '(step
8100 MOVE:<n-1-srpps
6110 LABEL USING ":.'pos
8129 NEXT '(pci
8130 LINE TYPE 1
8148 LORO 4
8150 LDIR PI,,2
8166 MOVE -. 4*Xstep,n.5.Y-:Tep
8178 LABEL USING ":ll
8180 MOVE Xui n..5sXstep,5. 1*-Ys4p
8190 CSIUE 4
6288 LDIR 6
8210 LABEL USING ~"Pc~1
6228 LABEL USING K-;Plt IbiS
8238 RETURN IEND OF PLOT
8240 1
8250 BombI, THIS IECTION DELIVERS PMESAGE 7O THE USER OF FAILURE To CONVERGE
8260 WAIT 2000
8276 BEEP
6280 PRINT PAGE, LINk 10), "UNABLE TO ACHIE'.'E CCN-'EPG;ENCE fluE T:O NUMERICAL :4ST.AEIL
ITIES"
6290 PRINT LIN?)". "I S'JGGEST A CHANGE I1N EI'HEF THE INS3TALLATlON PARAMETERS OF
8300 PRINT LIN' I , THE C!ICUIT BOAPD' PAFiAmETEP,:
8318 PRINT LIN. 2'C THERMELE.- POEDICTS TEMPERATUR'ES MUCH MUCH BETTEF THAN POWER L
EVELS"
8328 PRINT LINyI),'TRY SPECIFYING THE COMPONENT POWER LEVL.",LIN'
8330 DISP 'Press CONT when read, to retturn to option list"
8340 BEEP
8350 PAUSE
6360 DISP
6370 Bomnbl
8388 RETURN IEND OF BOND
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